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FOREWORD 

i L 

The Roche1 1 Space Shu t t l e  i s  a combination a i  rc ra f t -spacecra f t  designed 
t o  launch a va r ie t y  o f  payloads i n t o  ea r th  o r b i t  and/or retrfeve payloads f r o m  
o r b i t ,  r e tu rn  to  earth, and land i n  the manner o f  conventional a i r c r a f t .  The 
Space Shu t t l e  Vehic le  i s  comprised o f  t h r s t  major elements: the  Orb i te r ,  Ex- 
t a rna l  Tank, and S o l i d  Rocket Boosters. Since the f l i g h t  veh ic le  i s  a combi- 
na t ion  a i  rc ra f t -spacecra f t ,  i t s  external  features are designed t o  provide the  
p ro tec t l on  and v e r s a t i l i t y  f o r  b o t h  space and atmospheric f l i g h t  regimes. 

The purpose o f  t h i s  document i s  t o  d e f i n e  the aerodynamic performance 
cha rac te r i s t i cs  o f  the Orbi t e r  Vehicle. The aerodynamic con f igu ra t i on  i s  de- 
signed t o  ensure acceptable performance over hypersonic, superson/c, transonic, 
and subsonic speed ranges. The Aerodynamic Design Data Book consis ts  o f  four  
volumes: 

I ORBITER VEHICLE 
I I MATED VEHICLE 

I I I A I  RLOADS DES I GN DATA 

I V  ORBITER- VEHICLE 101 
\ .  

-- The Design Data Book has been prepared t o  met the needs of systems de- 
s ign  and analys ls  englnecring, loads and s t r u c t u r a l  engineerlng, performance 
analyses, and manned s imu la t ion  studles. 

W 
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PREFACE 

This document provides a single-source reference for all Orbiter Vehicle data 
appropriate to full-scale flight performance and stability and control analyses. 
The data include configuration descriptions, aerodynamic force and “ c n t  cocf- 
ficicnts (both static and dynamic), and control effectiveness. Data are pro- 
vided throughout the fl ight speed regimes from subsonic to hypersonic and high 
altitude; rarefied atmospheric effects a r e  provided as well as the effects of 
aeroelastic deformation and reaction control flow field interactions. 

Data are predicated on the results of wind tunnel tests of various scale models 
of the Orbiter Vehicle. Model support system tare effects have been determined 
for corrections to provide essentially support-free aerodynamic characteristics. 
Corrections have also been made (where appropriate) for scale effects (Reynolds 
number) and f o r  non-representation of actual full-scale geometric features such 
as small excrescence items, Thermal Protection Subsystan tile steps and gaps, 
surface roughness, etc. All data are provided in a f o m t  which will allow a 
build-up from a basic conffguration t o  any desired configuration by means o f  
contributing elements to each farce or moment component such as control surface 
effectiveness, landing gear effects, etc. Data are presented in a manner which 
treats each force and mult separately and equations are provided t o  facili- 
tate the build-up procedure, transfer of data to m e n t  reference centers other 
than the basic reference center (most forward center of gravity location), and 
account for the effects o f  aeroelastic deformation, rarefied atmosphere, and 
combined reaction control/aerodyanmic control i n  the low dynamic pressure 
reg i on s . 
This report  grew out of earlier reports which were, and are, in a constant 
state o f  revision due to wind tunnel testing, revised data analyses, and NASA 
reviews. in preparing this edition, the Aero Sciences Department is indebted 
to the NASA for support in rhe data preparation. The basic aerodynamic data 
wre reviewed by JSC, ARC, LaRC, and ARO/AEDC prior t o  release. Particular 
attention was given t o  the transonic and supersonic flight regimes. Viscous 
interaction data were supplied by LaRC and JSC provided the bridging between 
the viscous data and the orbital aerodyanmic characteristics. JSC and Rockwell - 
coordinated the approach and landing flight test results for  incorporation into 
t h e  low speed data. The formation of an Aero Technical Panel, whose members 
(JSC, LaAC, ARC, AEDC, and DFRC) all contributed to this report ,  was of partic- 
ular significance. 

-y 

Rockwell engineers under 0. C. Schlosser (supervisor) and 0. C. Olsen (lead 
engineer) prepared and analyzed the data with primary responsibilities going t o  
F. F. Fitzgerald, K. T. Cahill, 0. G .  Duhnke (longitudinai), F. F. Fitzgerald, 
U. M .  Zeman, R. Beman (lattral/directional), H. Parrcll, F. C. Chinn (hinge 
moments), 0. F. Dominik, J. F. Kerswell, (aeroelasticity), and H. 5. Dresser, 
J. S. Stone, and Y .  H. Y o 0  (RCS). Digitized data tapes, and figures uere the 5 1  

responsibilities of 0. F. Dominik, T. A. Petrick, H. E. Rollanse, and - 0. E. Lrgan. 
2 

Downey, Cal ifornia U. R. Russel 1 : Editor 
-i  i- 
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NOMENCLATURE 

A. ACRONYMS 

ADS 
A DTA 
AFCS 
AM I 
A/ S 

BFCS 

CCB 
COR 
CE I 
css 

OF I 
DO F 

EAFa 
ET 

f ETR I 
'U ' .  

F - FAA 
FC F 
FCS 
FF 
MO F 
FO F 
FRC 
FRF 
FRR 
FSSR 
FTR 

GN SC 

HAC 
HQ 
HS I 
HW 

I 
I LS 

JSC 

Rockwell International 
-oivisi#l 

A i r  Data System 
A i r  Data Transducer Assembly 
Automatic F1 i g h t  Control System 
Alpha-Mach l n d l c a t o r  
A i  rspeed 

Backup F1 i g h t  Control System 

Con f i  gurat ion Con t r o  I. a - ~  [i-- 
C r i t i c a l  Design Review 
Contractor End Item 
Control S t i c k  Steer ing 

Development f l  i g h t  !ns_trumentation 
Deg ret.( i ____ T-o f - _---- Freedom- 

Edwards A i r  Fort: aase 
External Tank 
Eastern Test Range 

Ferry 
Federal Avi a t  i on Agency 
Functional Checkout F1 i gh t 
F l i g h t  Control System 
Free-F1 i gh t 
F i r s t  Manned O r b i t a l  F l i g h t  
F i r s t  Operational F l i g h t  
F1 i g h t  Research Center 
F1 i g h t  Readiness F i r i n g  
F1 i g h t  Readiness Review 
Functional Subsystem Software Requirement 
F l i g h t  Test Rtquirement . 

Guidance, Navigation, and Control 

Heading A I  ignment C i  r c l a  
Hand1 ing Qua1 i t i e s  
Hor izonta l  S i tua t i on  l nd l ca to r  
Head W i nd 

I ner t  
Instrument Landlng System 

Johnson Space Center 
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A. ACRONYM 

KEAS 
KSC 

LV 

M 

M L  
MCE 
HRC 

non 

NAV 

OF I 
OFT 
O h 6  
ov 

POR 
PT I 

RCS 
RI D 
RSS 

SILTS 
SP 1 
SPS 
SRB 
SIC 
STC 

TA EH 
TO 
TOW 
TPS 
TBO 
T/u  

UHF 

V F T  
VHF 
VDR/LOC 

U T R  

(Con t i nucd) 

Knots-€qui Val ant Ai rspcad 
Kennedy S p a u  Center 

Launch Vehicle 

Manned 
Mdul a te-Oemdul a fa  
Mastar Maas urunant Li s t 
Modified Maximum Liklihood Estimate 
Homant Ref e re ncr Can t e r 

N a v  i g o t  i on (Sys  tam) 

Operat iona 1 F1 i ght Ins trwnen t a t  i cn 
Orbital Flight Test 
Orbital Maneuvering System 
Orbiter  Vehicle 

Preliminary Caslgn Review 
Programed Test Input 

Reaction Control System 
Ravieu Item Disposition 
Roo t-Suar Square 

Shutt le  Infrared Lacsfde Temperature Sensor 
Surface Position Indicator 
Samples per Second 
So I i d Rocket Boos ter 
Spacecraft or Stabi 1 i ty  and Control 
Supplemental Type Certiflcate 

Tenninol Area Energy Management 
Take-0f f 
Take-0 f f Gross Weight 
Thermal Protection System 
To Ea Datemined 
r)rrust-to-Weight Ratlo 

U1 tra-High Frequency 

Vettlcal F1 ight Test 
Vary-High Frequency 
Visual Omnl-Rangc/Localirer 

Western Test Range 

. -  - -. . . . - . . . , . . 



B. GENERAL 

A 

BL 
BP 

P 
F 

FRL 
FRP 
FS 

y or  n 

H 

P 

R 
R e N  

T 
T 
I: 

V 
. _  

Acce 1 era  t i on 
Subscripts: X a x i a l  

Y l a t e r a l  
' 2 normal 

Buttock Line 
Buttock P 1 ane 

Center1 ine 

Rockwdl International 
~~ 

I b  Fo rce 

Subserlpts: (see Accelerat ion,  above) 

Fuselage Reference Line  
Fusel age Reference P 1 ane 
Fusel age Sta t ion  

Hinge1 Ine 

f t / sec2  (a lso g ' s )  

Ha& Number 
. Subscripts: 0 d ive  

HO maximum operat ing 

Pressure l b s / f t z  (psf) 

Subscripts: ambient (or freestream) 
s s t a t i c  
T -  t o t a l  

SL .}sea leve l  

Universal Gas Constant 
Reynolds Number 

Temperature 
Thrust 
Thrust1 ine 

Vcloci ty 

u l i n e a r  perturbed v e l o c i t y  along 
x-axis (posi t i v c  fomard)  

v l i n e a r  perturbed v e l o c i t y  along 
y-axis ( p o s i t i v e  ou t  r i g h t  wing) 

w l i n e a r  perturbed v e l o c i t y  along 
z-axi s (pos i ti ve downward) 

O F ,  O R ,  o r  'K 
1 bs 

fps or  knots 

-vu -  

SD72-SH-0060-1L 
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9. GENERAL (Con t i nued) 

V (Continued) 

W 
UL 
'IdP 
WDP 

a 
a.c. 

b 

C 

7 

C 9  
CP 

9 

h 

m 

n 

t 

A 

F 

.. .. 

Subscrfpts: c 

I 
D 

E(cA 
MC G 
M 

8 

m 

V i  SCDUS Parameter 

U d  ght 
Uaterl In8 
Uatar Plane 
Uing Datum Plane 

Speed o f  Sound i n  
Aerodynamic Canter 

Span 

calibrated 
equ i va 1 an t 
i nd I cated 
dive 
minimum control i n  a i r  
m i n i m u m  c o n t r o l  On ground 
maximum operating 
t teas cream 

A i r  

Chord , 
or HAC - man aerodynamic c!!ord 

Subscrlptt: b f  .body f l a p  
e elevon 
r rudder 

w wing 
sb  speed braka 

Canter o f  g r a v i t y  
Center of  pressure 

l b s  

ft/sec or  knots 

ft 

i aches 

Acceleration due t o  gravity ft/sccz 

A I  t i  tude (or height) f t  or  nautical miles 

Mast 5 1 ugs 

Load Factor 9's 

*namic pressure = I/W 
tlm sacs, m i n i ,  hrs 

I ncrunen t 

NondImenrIonal change in  HRC with regard 

l b / f t z  (prf) 

t o  WP ; (ze- LJE 
a t ?  

-riii- 

. .  _. _. 



8. GENERAL 
1. 

.: . 

n 

P 

a 

w .  

3 
> 

< 

C. CONF 

L% 

LE 

5 

TE 

(Cont i nucd) 

( 1 )  Semi-span Parameter - y/b/2 
(2) F1 e x i  b 1 e- to-R i g i d Rat Io 

1 ncl dence 

Sweep Angl e 

Taper Ratio 

Maan Free Path 

Nondimensional change t o  HRC with 
regard to Fuselage Station - (&E- XYdE 

n w  
( 1 )  Mass density of air 
(2) Correlation Coefficient 

( 1 )  Ratio of fretstream density at a 
given altitude to standard sea 
level a i r  density 

(2) Standard Deviation 

F r cq uen cy 

GUWT 

Ang 1 e 

Great cr than 

Less than 

ON 

Body Length, 

Leading Edge 

Reference Area 

Subscr i p ts : a 
bf 

r 
sb 

Q 

W 
V 

Trai 1 ing Edge 

. . .  

Rockwell International 
SQatmMvisia, 

i nches 

.ai leron 
body flap 
el w o n  (elevator) 
rudder 
speed brake 
wing 
vert ica l  tai 1 

deg rees 

deg rees 

inches 

51 ug/ft' 
I-- 

H, (cycl es/sec) 
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C. CONFl GURATI ON (Cont inuad) 

X Longi tud inr l  axis 

Y Lateral axis 

z V e r t l u l  u l s  

d (1)  Control Surfaca DeflectJon degrees 
Subscripts: a a f l e m n  (pos i t ive  

for pori t i v e  r o l l -  
ing m m t )  

b f  body f l a p  (pos i t ive  
for nosedunn pitch-  
ing moment) 

e slovon (pos i t ive  for 
nosadawn pitchlng 
" a n t  1 

r rudder (pos i t iva  f o r  
nose- lef t  y a w i n g  
"t> 

sb speed brakr 
(2) Dihedral Angle 

I -  . 0. AONENT 8 PRODUCTS OF INEaTiA 

1 .  EIoment o f  I n e r t i a  

I x  ro11Ing 

ly  p i t & i n g  

lz Yawing 
2. Product of Iner t la  

E. FORCES 

A Axfal ;  aorodynunlc force along 

Axial f o r a  c o a f f i c i r n t  - A f i S  
thm X-body a x i s  (posi t f v e  af:) 

cA 

D __ Drag; arcdynamic force along t h e  
t o t a l  ve loci ty  vector i n  plane o f  
symnatry (posi t ive  a f t )  

Drag eoefftcient = Dm cD 

-x- 

. .  

d cg r eas 

s 1 ug-f t t  

s 1 ug- ft' 

pounds 

pounds 

W 

w 

Sw24H-CC6O-u1. 
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-7 _- E. FORCES (Continued) 

L i f t ;  aerodynamic fo rce  perpen- pounds L 
d i c u i a r  t o  t o t a l  v e l o c i t y  vector  I n  
plane o f  sywnetr/  ( p o s i t i v e  upward) 

L i  f t  coe f f  ic ient  = LfiS cL 

N Normal ; atrodynami c fo rce  along the pounds 

Normal force c o e f f i c i e n t  = Nm 
2-body ax1 s (pos i t I ve upward) 

cN 

Y Side; aerodynamic fo rce  along tho pounds 
Y-body ax is  ( p o s i t i v e  ou t  r i g h t  
wing) 

Side fo rce  c o e f f i c i e n t  - Ym 

F. MOMENTS 

'h 

z 

M 

'm 

YY 

'n 

Hinge; moment about hinge  l i n e  

H i  nge moment coef f i c i en t = IMfiST 
f t-gounds 

Subscrf p ts  : b f  body f 1 ap 
e elevon 
r rudder 

sb speed brake 

Roll ing; mment about the X-axis f t-pounds 
due to aerodynamic torques (posi- 
t i v e  r i g h t - w i n g  down) 

Rolling moment c o e f f i c i e n t  = 9mb 

Pi tch ing;  moment about the Y-sxis f t-pounds 
due to  aerodynamic torques (posi- 
t I ve nosc-up) 

Pi t ch ing  " t n t  c o e f f i c i e n t  = ~msl 

Yawing; moment about the Z-axis ft-pounds 
due t o  aerodynamic torques (posi- 
t i v e  nose-right) 

Yawing moment c o e f f i c i e n t  = dYmb 

-xi- 
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- .. G. ANGLES 

a Angle o f  a t tack;  angle between the p ro jec t i on  
o f  the resultant ve loc i t y  vactor on tha X-Z 
plane and the X-body (rafarence). axis 

0 Sidesl lp ;  angle between the resu l tan t  ve- 
loelty vector and the plane o f  symnstry 
( p o s i t i w  nose-left) - - \CI  

Y F l i g h t  path; l n c l  Ination o f  f l  i gh t  path t o  
the ho r 1 rant a 1 

c k m a s h  

U Sidewash 

8 Pitch; displacement o f  rcferencs axis f r om 
the horizontat (pos i t f ve  nose-up) 

0 Roll o r  Bank (pos i t i ve  r l gh t -w ing  dcwn) 

Yaw; angle between the resu l tan t  ve loc i t y  
vector and the plme of syRmty (posit tve 
nose-right) 1 -B 

ICI 

H . T 1 ME-REIATED PARAMETERS 

a Acc8latrt~on - v 

9 Acceleratlon dun to grav i t y  

r; A1 t I tuda r a t e  

P kll rate; angular ve loc i t y  about the X- 

9 P i t &  rata; angular ve loc i t y  about t h e  Y -  

axis (posi t ive r i gh t -u ing  down) 

a x i s  (pos i t i ve  noscup) 

r Yaw rata; angular ve loc i t y  about the Z-axis 

Rate of c!ange o f  angle of attack 

(pos i t i ve  nose-right) . 
U 

3 Sides1 i p  ra ta 

degrees 

degrees 

degraes 

degrees 

degrees 

degrees 

degrees 

dag reas 

ftfsac' 

ft/s.cZ 

ft/sec 

rad1 ans/sec 

r rd landsec  

tad i and /sac 

rad iandsec  
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I NTRODUCTI ON 
r . .  

This  document, Volume 1 o f  the  AERODYNRMIC DESIGN DATA BOOK, conta ins 
in format ion p e r t i n e n t  t o  the p r e d i c t i o n  o f  operat ing speeds, per fo r -  

mance, and performance l i m i t e d  f l i g h t  c a p a b i l i t i e s  of the Spece 
Transpor ta t ion  System O r b i t e r  Vehicle. The data Sook was prepared 
under the  terms o f  con t rac t  number NAS9-14000 and i s  c a l l e d  f o r  i n  
the lnformat i on  Requirements Document (IRD No. SE-640T). 

i 

I + '  
'V '-. 

A l l  data presented i n  t h i s  volume represent the  best a v a i l a b l e  e s t i -  
mates o f  t h e  f u l l - s c a l e  f l i g h t  c h a r a c t e r i s t i c s  f o r  the Orb i te r  Vehic le .  
Each aerodynamic c o e f f i c i e n t  has been examined separate ly  and presented 
i n  i n d i v i d u a l  subsect ions where the  var ious c o n t r i b u t i n g  e levents  t o  
each t o t a l  c o e f f i c i e n t  are examined i n  d e t a i l .  Where a d d i t i o n a l  i n -  
format ion has been considered usefu I ,  Appendices are prov ided f o r  
a d d i t i o n a l  d iscuss ion and/or e labora t ion  o f  a subject  such as R C S  
Flow F i e l d  I n t e r a c t i o n s  or High A l t i t u d e  Aerodynamics. 

I n  November o f  1980, a dedicated STS-1 ( - 1 M  e d i t i o n )  was publ ished fo r  
use i n  the  O r b i t a l  F l i g h t  Test Program. This -1M e d i t i o n  was not  t o  
be updated and was intended f o r  p r e - f l i g h t  assessment of the STS-1 
mission. 
through STS-7. 

This  c u r r e n t  ed ' i t ion (-IL-6) updates the pre-operat ional  ( - I L - 5 )  A D D B  and 
includes recent  wind tunnel  t e s t  data. This  e d i t i o n  i s  intended t o  
be used w i t h  STS-4 and - 5  f l i g h t  der ived  d e l t a  data (assessnent tapes) 
t o  conduct FCS v e r i f i c a t i o n  for STS-8 and subsequent f l ights .  

Assessment data tapes have bebn prov ided f o r  missions STS-2 

I 

... . 

- x i i i  - 
SD72-SH-0060-IL-6 
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The differences between t h i s  revision (5072-SH-0060-11.06) t o  t h e  pre- 
operational A D D 0  and both previous editions, (SD72-SH-0060-it-$) and 
dedicated STS-1 (SD72-SH-OO6O-lH), of the ADD6 arc sumnarited in t h e  
following tab le :  I -  

StS-l(-U4) and Revisions IL-5 and- XL-6 Cuta Differences 

Section 

2.2, 
4.1 

Affected ' &"e - I ttm - 
Basic longitudinal oero 

Trim and S t a b i l i t y  

Revised f r a  M0cf-1 1.5 t o  10.0 baed on 
weishting certain high f i d e l i t y  wind 
tunnel tests and, fo r  C to  obtain 
better agrement w i t h  S ? b 1  f l i gh t  t e s t  
data. Figure 4.1-3 and table  4.1-1 
revised t o  re f lec t  change in  TPS drog 
based on resu l t s  o i  pro f i lomte r  mcgsurc- 
mtnts. 

41 %* LJDI $ 4  =A* %, 

Basic la te ra l /d i rec t iona l  4.2 Data presentation chcnged t o  4 argumeilt, 
aero 5, cn, c, M a  changed from Mach 2.5 to  R t o  incor- 

porotc and weight resu l t s  from LA-131, 
LA-144, and QA-258. 

Longitudinal s p e d  brake 
effectiveness L%, , , ,tudiool doto at  t h e  respective speed  

icA 

4.1 F o m t  chased  to  present as basic longi- 

broke set t ings.  
.mall changes resulted iran use ofcom- 
puter curve f i t  progran t o  f a i t  t h e  dcta.  
Also, new data a t  h i &  anghs o f  attack 
o t  k c !  6 cnd foir ing f r o m  nose shock used. 

Lateral/c!irec t ional  . Incorporcte a s  &t of t h e  basic lateral ' /  
speed brake effectiveness direct ional  s tc t ions for  speed brckt sctt-  

ing of 0, 25, 55 and 87.2 degrees Speed 
i=v, ccn,,. M E s *  brakc effectiveness has been chcngcd from 

Mod 2.5 t o  9 based on a detai led analysis  
of hish f ide l i t y  model wind tunnel t e s t  
data. 

Theoretical v a l u e s  changed to agrst with 
resu l t s  from wind t u n n e l  test. 

W- for  Mach 1.3 to  10.0 

4.2 

' 

. .  
Yawing moment k c f f i c i h t  4.2.1.2 
due t o  r o l l  rate Cn 

P 

- - -._ 
Rcs ,4.1,4.2 Add clevon/Sody f lop deflection e f f ec t s  

f 6  ccmp) on impingement. 
4,1,4.2 
( 6 c o r p )  entry.  

Add side f i r i ng  jet impingement during 

4.1. Eliminute cac,ryovtr te.?n, 
(Lmqit . ) 

- d V -  
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Equations 

Rockwell 
tntematlooai 

Space Transrmrtrtlon System 
DmbPmWt Production Division 

Space Systems Group 

Section 
Affected Chnges 

A l l  bas ic  Equations revised to reflect 
aero sec- change in data format. 
tions plus 
APP. D 

High altitude aerodynamics App. C Added doors open casefokorbiter 
at 600,OCO ft. and Orbiter with 
doors closed at 300,000 feet. 

Abort mission aero APP. F Data and instructions added to 
obtain Aerodynamic Characteristics 
for RTLS and contingency abort 
missions. 

Editing All Minor editing changes made where 
appropriate. 

*Basic longitudinal data App. F Added data to support RTLS and 
contingency abort studies. 

*Basic lateral/directional 4.2 Modifiedobasig lateral/directional 
data data -105,bi5 over Mach range 

from 20 to 3 to eliminate incon- 
sistencies with L.V. ADD8 separa- 
tion data. 

I 

(:- .. 

%round effects data 4.1.1 A d d e d  body flap effectiveness i n  
* presence of ground. 

*Speed brake hinge moments 5.3 Added speed brake hinge moment 
increments due to body f lap  
deflection. 

*Body flap hinge moments 5.2 Added body flap hinge moment 
increments due to speed brake 
deflection. 

*Aileron derivative 6.2 Added viscous aileron uncertain- 
uncertainty ties. 

- -  
*Basic aero uncertainties 6.0 Added high altitude (600-Y to 300K) 

uncertainties for basic aero 
characteristics. 

-xv- 
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.,-* 1.0 ORBITER MISSION 

The Rockwell Space Shu t t l e  Orb i te r  i s  designed t o  launch a v a r i e t y  o f  
payloads i n t o  (andlor  r e t r i e v e  from) ear th  o r S i t .  
w i l l  be launched i n  a v e r t i c a l  a t t i t u d e  and landing w i l l  be accomplished 
i n  a ho r i zon ta l  manner s i m i l a r  t o  conventional a i r c r a f t .  

The Orb i te r  Vehicle 

1.1 MISSION DESCRIPTION. The Spacs 
Shu t t l e  mission i s  surranariztd i n  
Figure 1.1-1. Fol l w i n g  f l  i g h t  
readiness and checkout, the- - - 
Spa-. Shutt 1 e w i 1 1 be 1 aunched 
by means o f  so 1 i d  rocket  boos t t r s  
(SRS) and an external  tank (ET) 
as shown In  the sketch. 

Maximum payload capabi 1 i t y  Is 
LLAU~UC CONFIGURATION] 

65,000 pounds f o r  an eas ter ly  
launch from the Eastern Test Range (ETR) a t  Kennedy Space Center (KSC) 

and 32,000 pounds f o r  a po la r  o r b i t  
launch from the Western Test Range 
(UR) a t  Vandenburg A i r  Force Base. 

Subsequent t o  separation from the ET, 
the O r b i t e r  Vehicle w i  1 1  be inser ted  
i n t o  ear th  o r b i t  where a payload may be 
deployed and/or re t r ieved.  The Orbi t a r  
Vehicle can also funct ion as a space 
laboratory  f o r  a moderate dura t ion  and 

w i l l  p rov ide accommodations f o r  up to- 

An on-orb i t  s tay  p-eriod o f  seven days i s  required and could 
f i v e  mission s p e c i a l i s t s  i n  add i t i on  to.-the-normal -crew of c o m n d e r  and 
co -p i l o t .  
be extended f o r  up t o  30 days dur ing the operat ional  phase o f  the program. 

A f t e r  completion o f  the o r b i t a l  operations phase, deorbi t i s  accompi ished 
by r a t r o - f i r e  o f  the O r b i t a l  Maneuvering System (OMS) and the Orb i te r  
descends t o  the atmospheric en t r y  In te r face  (nominal ly, an a1 t i  tude of 
400,000 fee t ) .  The i n i t i a l  en t ry  phase extends t o  a dynamic pressure 
level o f  20 ps f  (approximately 250,000 fee t )  dur ing which RCS a t t i t u d e  
control from two a f t  OMS pods i s  blended w i t h  aerodynamic surface con- 
t r o l s ,  the l a t t e r  ga in ing i n  e f fec t i veness  as dynamic pressure increases. 

The entry f l i g h t  phase, from a dynamic pressure l eve l  o f  20 ps f  t o  a Hach 
number o f  less than f i v e ,  is  accompllshed a t  a h igh  angLe.o€ a t tack  du r ing  
which the b lanket ing e f f e c t  o f  t h e  wing essent ia l ly .pcec ludes any rudder 
cont ro l .  Coordinated l a t e r a l - d i  r e c t i o n a l  con t ro l  i s  provided by combined 
yaw RCS and a i l e ron  cont ro l .  The terminal phase occurs as angle o f  a t tack  
i s  reduced below I8 degrees. As the Orb i te r  descends t o  a l t i t u d e s  where 
winds, i n  conjunct ion w i t h  veh ic le  speed, can r e s u l t  i n  r e l a t i v e l y  la rge  
e r r o r s  I n  i n e r t i a l l y  derived a i r  data, probes ace extended (H 4 3.5)  t o  
provide a i r  data r e l a t i v e  t o  the vehicle. 
range cont ro l  i s  achieved by bank angle wh i l e  angle of a t tack . fo l l ows  a 

- 

During a t yp i ca l  normal en t ry ,  

1.0-1 

. .. 
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prede termined  s c h d u i a  t o  a c h i e v e  ( a t  approximate ly  !4 - 1.5) an a n g l e  
somewhat smaller than  t h a t  eo r re spond ing  to maximum L I D ,  A dcmnrange 
capabi1ic-y o f  up t o  4300 n a u t i c a l  miles w i t h  a cross range  c a p a b i l i t y  o f  
980 n a u t i c a l  miles may be r e a l i z e d .  

Equilibrium s u b s o n i c  g l i d l n g  f l i g h t  is  ac!!ievad a t  an a l t i t u d e  o f  
approx ima te ly  40,000 feet, Raga cantml d u r i n g  t h e  g l i d l n g  descent is 
o b t a l n a d  by i n g l e  of attack m d u l a t i o n  w l t h  v e l o c i t y  contmL main ta ined  
by the speed  brake.  The approach and Landing in tccCaca  occuc~ a t  10,000 
feat above ground law1 and a praflare i s  i n i t i a t e d  a t  .an . a p p r o p r i a t e  
a l t i t u d e ,  fo i lowad by a dacelacath f loat  and touchdawn,. The i n i t i a l  
appcoac,, targot and f lare  a l t i t u d e  w i l l  be schedu lad  to p r o v i d e  a d n i -  
nium o f  25 seconds Dameen f l a r e  i n i . t i a t i o n  and touc’ldcun. 

R e p r u a n t a t l v e  t lma his :or ics  of f i v e  t r a j e c t o r y  p a c a m t w s  - a l t l t u d a ,  
r e 1 a t I . w  wlocl ty, f l i s h t  p a t h  angta, t o t a l  Load f a e t o c ,  and dynamic 
p r e r s u r r  - a r c  shown in Figura  1.1-2. These time h i s t o c i e s  . r e p r e s e n t  a 
high cross range  raturn from a LOO-nautica1 m i l e  o r b i t  w i t h  a 25,000- 
pound payload  and an a f t  centec: of  g r a v i t y .  The t ea jec to l ry  (TPS des ign  
number 14414) i s  p r e s e n t e d  for t h e  pur7osc  of i 1 l u s t r a t i a n  only .  

More complete and d e t a i l e d  miss ion  data a c e  a v a i l a b l s  i n  :he Hiss ion  
Data Book, Rafsrenca 1-1. 
are gi.ven 1.n k f a r e n c a i  1-2 .and 1-3 and . a d d i t i o n a l  entry t r a j e c t o r Y  d a t a  
my bo o b t a i n e d  from Refarurea 1-4. 
tal lad Infomtiorr r e l r t i v a  to  separation and abort.  

CstaiLcd d e s c r i p t i o n s  of launch tcaJec:ories 

Raferancsr 1-5 and 1-6 contain da- -u- 

1 .G2 
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1.2 NISSIOH CAPABILITY. The Orbit 
Is doflned by four basel I ne 
mforannu missions. Tabla 
1.2-1 sumurltar thasa bas.- 
Ifno missions. Ftea tho 
standpoint of antry ,  those 
becam essentially two types 
o f  mlsrionr - a rurpad 
wglo of attack, charretar- 
l a d  by long rang. and high 
cross ran- and a high  n g i a  
of attack charattori  a d  by 
s h o i t  range and small cmss 
range. Typical trajactorl-  
rapresanting these two 
misslons are presented I n  

.or Vehicla "missiocr capabi I ity envelope" 

- .  . .  

Flgum 1.2-1 for t h e  f o m r  
( t y p i c a l  o f  mission I )  and Figure 1.2-2 f o r  tha l a t t a r  ( c y p i a l  o f  . 
mission 38) .  Orbital  F l i g h t  Tart (OFT) requirements should f a l l  wit!!in 
t h e  basal ine rafersnca misslon envelope o f  upabbi I I ty. 

T t m M  w I- * ( h u s h  1 )  

Figan 1.2-1 
RStTER ENTRY TRAJECTORY 

\ 
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1.3 FLIGHT TEST. The Orbital F l i g h t  T e s t  (OFT)  program-1s d e s i g n e d  t o - s u b t  

F 1 i g h t . t e s t . p l a o s  w i l l  Sa. d e v t l w e d  to  satisfy 
s t a n t i a t e  the aerodynamic  d e s i g n  o f  the Orbiter Vehicle. t h raughou t  t h e  
e x p e c t e d  f l i g h t  regime. 
mu1 t l p l e  test  o b J e c t i v c s  and t o  o b t a i n  a maximum d a t a  r e t u r n :  T e s t i n g  
w i l l  be c o n s i s t e n t  w i t h  the planned  mis s ions  so t h a t ,  i n s o f a r  as 
p o s s i b l e ,  d l r e c t  canpartsons can be made. V e r i f i c a t i o n  of t h e  aero- 
dynamic dcsign data w i l l  be a c c o m p l l s h d  by comparing t h e  flight t e s t  
d e r i v e d  aerodynamic d a t a  w i t h  r e s u l t s  p r e d i c a t e d  on wind t u n n e l  t a s t i n g  
as p m s e n t e d  in  t h i s  r e p o r t .  The aerodynamic  d e s i g n  d a t a  book w i  1 1  then  
be updated  to reflect the f l i g h t  r e s u l t s .  

... . 
I .  
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2.0 GROUND RULES 

Major program requirements i n f l uenc ing  the aerodynamic design o f  the 
d e l t a  wing O r b i t e r  a rc  def ined I n  the Space Shu t t l e  Program Request for 
Proposal as mod i f ied  by SD HCR No. 0200 and Revisions (References 2-1 and 
.2-2) .  On March 3 ,  1975, HCR 1750 was In ;  t i a t e d  t o  rep lace HCFI 0200. The 
former M C R ,  "Shut t le  Basel ine Contro l  Drawings," assured the func t i on  o f  
the l a t t e r  and w i l l  be rev ised (as requl red)  t o  au thor ize  release o f  
base1 i ne drawing changes. 

2.1 D E S I G N  GROUND RULES, Aerodynamlc deslgn ground ru les  a r e  sunmarized i n  
Table 2.1-1. 

Tabla 1.1-1 4 C M O V W I C  OCSICW CXOUWD R U S  

2.2 FLIGHT ENVELOPES/CONDITIONS. F igure  2.2-1 presents the design center  o f  
g r a v i t y  l i m i t s  and s t a t i c  margin l i m i t s .  
of Sectlon 4.1.1.4 Is a lso  shown on the  f igure .  
are based on the TPS design t r a j e c t o r y  14414.1 angle o f  a t tack  schedule 
(also given i n  Sect ion 4.1.1.4). 

A sumnary o f  the t r i m  I f m i t s  
The sumnary t r i m  l i m i t s  

,I-- 

./ 

--- 

2.0-1 
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CONFIGURATION DESCRIPTION 

The Orb i te r  Vehicle is configured t o  perform as both a spacecraft and an 
a i r c r a f t .  
ve tsa t f  1 i t y  necessary fo r  both o r b i t a l  and atmospheric f l  i g h t  operations. 
Design o f  the veh ic le  Is such t h a t  I t  w i l l  meet a l l  requirements as s e t  
f o r th  i n  the Orb i te r  Veh ic le  End Item Spec i f i ca t i on  (Reference 3-1). 
F igure 3.0-1 presents a general arrangement, three-vlew drawing o f  the 
Orb i te r  Vehic le  w i t h  reference dimensions and areas tabulated on the 
f igure.  

To t h i s  end, the veh ic le  must prov ide the p ro tec t i on  and 

I 

Atmospheric (o r  aerodynamic) requl remcnts a r t  predicated, for the most 
par t ,  on the en t ry  phase u f  t h e  Orb i te r  m l s s i o n ( s ) .  
1 Ines ensure acceptable performance over hypersonic, supersonic, tran- 
sonic, and subsonic speed regimes wh i l e  p rov id ing  the spec i f i ed  down- 
range and cross range capabil i t l e s  and meeting the spec i f i ed  landing re-  

The aerodynamic 

~ _ _  
qu ikments  depicted i n  Figure 3.0-2. 

3.0-1 
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Piguro 3.0-2 LANDING REQUIREMENTS 

Evolution of the Orbiter Vehic le  configuration from Authority to Procced 
(ATP) to the present time i s  summarized in Figure 3.0-3. 
influanclng the dnsIgn am noted on the flgura. 

Major paramtars 

Figuro 3.0-3 ORBITER VEHICLE EVOlUTlON 

h 
a 
b 

3.1 CONFIGURATION AN0 DlH€!SIQNS. The configuration was selected to achieve 
gh cross range aerodynamically and to 5 8  capable of tr imad f l i q h t  over 
wide range o f  angles o f  a t t a c k .  
ned with a mcierately lcw fineness r a t i o  (approximately 5) body minimires 

The douola-dalta wing planform com- 

3 .C-2 

.. . 
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Interference heating effects, provides the required 
cross range rcqui remen ts, and possesses an acceptab 
the fllght Mach number regime. 

L/D ratio to meet 
e trim range over 

Aerodynamic design geometry of the Orbiter Vehicle 
3.1-1. 
be consulted for detailed 1lnes;drawings and dimensions. A summary 
breakdown o f  pertinent components i s  given in the ensuing paragraphs. 

s presented in Figure 
The Master Dimensions Specification Manual, Reference 3-2, should 

CAUTION. Reference areas and lengths used to normal ize aerodynamic 
forces and m m n t r  are presented i n  the table below. 
(notably control surface hinge moments) the reference dimensions differ 
from the existing geometry. 
AND NOT TRUE DIMENSIONS. 

In some u s e s  

REFERENCE VALUES ARE BASED ON THEORETICAL 

/ 

.AERODYNAMIC FORCE AND MOflENT REFERENCE 
PARAMETER 

LONGITUDINAL AND LATERAL/DIRECTIONAL COEFFiClENTS 

Wing Area, SREF 
Wing Span b, 
Hean Aerodynamic chord (H.A.C.), 

HINGE HOMENT COEFFICIENTS 
ELEVON . 

Area, Se 
Chord C e  
Area Moment 

BODY FLAP 
Area, SBF 
Chord, CBF 
Area Moment 

RUDDER/SPEEDBRAKE 
Area, Sr 
Chord, Cy 
Area h e n t  

YENSIONS . 

REFERENCE 
VALUE 

2690.000 ft2 

78.057 'f t 

39.568 f t  

210.000 f t 2  
90.700 in 

19,047.000 ft2-in 

135.000 f t2 
81.000 in 

10,935.000 ft2-in 

100.150 ft2 
73.200 in 

7331 .OOO f t 2 - i n  

. 

3.c-3 
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L. - 3.1.1 W I N G .  The Orbiter wing &as sized to provide a 171-knot teuccldown 
spmd (Vo)  a t  a 15-deg.ree angle of a t tack ( to;  1 scrape a t t i  tude fo r  
main gear s t r u t  ampressad, t i r e  f l a t )  with  body f l a p  ret racted and the 
center o f  gravi ty  a t  the fomrrd l i m i t .  The Ieadlng edge swmp (45 
degrees) and aspect ratio (2.265) were selected on the basis o f  aero- 
thormdynullic trade studles t o  provido t h e  design touchdown speed for  a 
canter of  gravity a t  the forward l l m i t  w i t h  mlnimum wing size and t o  
o p t f d z m  the wing leading edge thermal pmtaction system (TPS) for a 
reuse cycla o f  100 f l i g h t s  p r i o r  t o  major rework. 
t r f b u t f o n  and c?ordwise camber are  shown on Figure 3 .1 .1 - I .  

Spanwise t w i s t  d i s -  



1 

Control surfaces located i n  t h e  w i n g  consist  o f  the elevons (elevator- 
a i lerons)  w e i  t h  elevon seal (or "fl ipper") doors w h i c h  effect ively seal 
the resul tant  gaps when the elevons are 
deflected by /oI/omimpthe control surface 
leading edge. 

The wtng planform reference area (2690 f t  ) 
inc ludes  that portion of t h e  basic  planform 
covered by t h e  fuselage. I t  does NOT I n -  
clude t h e  areas formed by wing-body f a l r -  
ings o r  areas clipped from t h e  equivalent 
"d8lta" by t h e  faired w i n g  t i p s .  Pertinent 
dimenslonal parameters are sumnarlred I n  
Table 3.1.1-1 (see also, Figures 3.1.4-1 
through 3.1.4-4 f o r  areas and perimeters. 

Tdio  1.1.1-1 YlWg 3 I W l S I O W  F A l l U I m  

VALUE 
T 

7 l . W  (536.68) 
2.265- 
3.10 

1014.3 
l S . 3  

3 . 0 4 .  
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3.1.2 FUSELAGE (OR SOOY). The Orbliar fureiaga w a s  designed to acccmodate 
a variety of payloads and houra the crew and mauverlng control 
systems.  
were selected to  Irrprove hypersonic p i t c h  trim and dlractlonol stability 
and i n  conjunction w l t h  wing-body blending, to reduca entry hsating on 
the body sldes. Attitudo Conemi Propulsion System (ACPS) pods have 
b u n  Ineor;rorrt,sd with tlra OMS and are loutad In the aft  body fairings. 
Hlnged rurfams attachad to the fuseioqa lncluda the cargo b.y d w n  
urd the  bo* f l a p ,  
the  fuselage. 
and fa i r rd  fore and a f t .  
ings. 
durlng antry and to provlde trim capability to rnlieve elevon loads. 
Pertinent dimanalonal paramtan am sunrmrlzed In Tablo 3.1.2-1. 

Nose umber, cross section, n d  W a c d  sloping farehady sides 

The cargo bay do017 have 13 hlnges on each side o f  

Tho body f lop Is used to protect the Shuttla ouln anginas (9%) 

The s i x  forvrrd  hinges ort.eac)I S I &  are couarrd with TPS 
tha a f t  sawn hinges have no TPS and no f a i r -  

T@Ie 1.1.2-1 MiUOI 0 I e I Q ) L I L  P A U l m Z J  

1 

h 
ft 

m re- 
lot 1- 

3.1.3 VERTICAL TAIL. '  The vertical tail has been sired t o  provide a Icu- 
sp8ed C o f  O.OOl3 a t  an angle of a t tack  o f  13 degrees about a canter 
o f  gravity located a t  the a f t  limit and has a referenca area af 413.25 
f t ' ,  including the ruddsr/speed brake. The rudd8r i s  split along the 
Orbietr buttock plane to provide directtonal stability augmentation In 
the hyp.rsonic/su~ersonie f l  tght  regimes and to apply drag modulation 
for the subsonic f l ight  phases, oppraac% and 1andi.ng. Tha seccion 
profile Is a five-degree half-angle, $0 to 40 percent daubla wedge a i r -  
f o i l .  Dlmensiana1 parameters are summarized i n  Table 3.1.3-1. 

9 
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3.1.4 TOTAL VEHICLE. Cross sect ional  data d e f i n i n g  the t o t a l  O r b i t e r  
Vehic le  geometry a r e  presented i n  Figures 3.1.4-1 through 3.1.4-4. 
These f igures provide the cross sect ional  area v a r i a t i o n  for  components 
and t o t a l  vehic le  and the perimeter  d i s t r i b u t i o n  f o r  components and 
t o t a l  vehic le .  
Table 3 . 1 . 4 - 1 .  

Tota l  vehic le  dimensional parameters a r c  s u w r i t e d  i n  

I 
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I --_ c 3.2 REfERLYCE .AXES XNIl StGN .CONVENTION 

Rofarencs axas and s ign  canventions are cansistent  w i t h  thosa for mn- 
ventlonil aircraft .  The Orbi te r  Veiricla a x i s  systsm fot.ve&icle design 
drawings and maas prooar- r \ 
ties statements is .  I I I U S -  
t ratrd in  tho skatctr. 
This  axis systeJu i s  &- 
flnad i n  the Spa- 
S h u t t l e  Master D t m s i o n s  
Spoci f l u t l c n , .  Rafarencs 
3-2, and OII Figure 3.1-1. 
A I !  WhIcle design.drrJ ing 
1x.s system are i n  
rceordanca w i  th NASA Phara 
8 TecLnferl Direct ives 
2519 .and 2519A. 

- =-- I 

. _  
3.2.1 A E 3 O O Y W I C  R E F E E W E  A X l S  SYSTE.XS. Definitions of the Orbiter 

The positiva X-axts for the Orbiter body axis system i s  
Vohicla wmdynainLc.rafhrenca a x i s  syrtsms ara illustrat~d in  Figure 
3.2.1-1. 
sham parallel t o  the Fuselage Rofaranca Line ( F R t J  .- Sign-cooventions 
for forces,.  " n t s ,  velocIties,.and accalerarioos q e  also-shown on 
t h e  figure. Tha aerodynamic raiorenca axis system a m  sets of  con- 
~ n t i o n a I , . t i g n t - h a n d , , o r ~ o g a n i l  aws w i t h  tfra X- and Z-axes i n  the 
plane o f  s y m t r y  and w i t h  the p o s l t i v u  X-axls directed out the nose 
( i n  the body axis systtm) or p a i n t i n g . i n t o . t h e  e q o n t n t  of the  wind 
( i n  the staoility ax is  system) which l i e s  i n  tha plane of s y m t r y .  

=. 
%b? 

I 

.) 

+ . 
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. .  3.2.2 AERODYNAMIC SIGN CONVENTION, Sign conventions f o r  the aerodynamic 
force  and moment c o e f f i c i e n t s  used i n  t h i s  report  a r e  i l l u s t r a t e d  I n  
Fi.gure 3.2.2-1 f o r  t h e  s t a b i l i t y  ax is  system. 
are  p o s i t i v e  as shown. 

Direct ions on the f i g u r e  

c > 

-e- l 
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3 . 3  AEROOYNMIC CONTROL 

Orbiter  Vehic le  aerodynamic control sur faca  deflections, forces, and 
hlnga mornants aru sumrutired and i l l u s t r a t e d  in the  $kat&. 
eon t ro I surfaca def 1 ac- 
tlon arrglas am masured  
I n  a plane  parpandicuiar 
to th. control rurfacr, 
hinge rx ls .  An excap- 
t i QI I s the rttddor/spa*d 
b r a h  control s u c f a c a  (SI 
d d l e c t i o n s  which are 
m a s u r d  I n  plane 
ponltai  to tho fuselage 
reference plane (FRP). 
Each atrodyowlc control 
r u r f a c s  and d e f l e c t i o n  
i s  d i s c u s s e d  s e p a r a t e l y  
i n  the ensuCug .paragraphs 
of  t h i s  s e c f l o n .  

In genera l ,  

3 . 3 . 1  ELEVONS. n e  elevons 
a r e  d iv ided  i n t o  four 
r e g m t r ,  right-  and 
le f t - inboard and rlght-  
and Ieff-outboard.  
Gaps between the fuse- 
l age  and elevon and 
b a " n  the Inboard 
segnrats Zo w h i d  the 
data herein arc  appli- 
cable am those base- 
1Jned !n HCR 0315. -A t y p i u r . e l e v o n  control installatlan Is shown i n  
Fi gum 3.3.1-1 . 

. . - , -.. 
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The s u r f a c e s  are s e r v o - a c t u a t e d  w i t h  f o u r  a c t u a t o r s  t o  control t h e  f o u r  _ _  
segments. 
p i t c h  and r o l l  trim, Maximum c o n t r o l  s u r f a c e  d e f l e c t i o n s  and rates are 
given in T a b l e  3.3-1. 
( t r a l  I i n g  edge up) to +ZO d e g r e e s  ( t r a i  1 Ing edge . d a m )  e x c e p t  d u r i n g  
e n t r y  where i t  is 1 i m i  t e d  t o  + l o  degrees t o  p r e v e n t  e x c e s s i v e  h e a t i n g .  
The a i l e r o n  f u n c t i o n  d e f l e c t i o n s  ace shown on t h e  t a b l e .  

RUDDER/SPEED RRAKE. D i  r c c t i o n a l  c o n t r o l  of t h e  Orb! t e r  is ach ieved  
ae rodynamica l ly  by means o f  t h e  rudder .  
o f  a t t a c k ,  t h e  r u d d e r  i s  augmented by RCS (see s e c t i o n  3.6). 
r u d d e r  i s  s p l i t  i n t o  f o u r  p a n e l s ,  two p e r  s i d e  (upper  and l o w e r ) ,  whic!! 
are d e f l e c t e d  t o g e t h e r  f o r  yaw c o n t r o l  and deployed  s y m t r i c a l l y ,  i n  
o p p o s i t i o n ,  for d r a g m o d u l a t i o n  ( speed  brake f u n c t i o n ) .  Each p a l  r 
( u p p e r  
c o m n  t o r q u e  shaft' as i l l u s t r a t e d  i n  F i g u r e  3.3.2-1. 

These  s u r f a c e s  are employed f o r  p l t c h . a n d  r o l l  c o n t r o l  and 

The e l e v o n  d e f l e c t i o n .  .range Is -35  d e g r e e s  

OurIng e n t r y ,  a t  h i g h  a n g l e s  
Tha 

- 

and lower) of. p a n e l s  i s  actuated by power h i n g e s  d r i v e n  by a 

. . .  
... . ... 

3.0121 
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Ruddar/spaed brake deflections ace g i w n  i n  Figucs 3.3.2-2 and in 
Table 3.3-1- 

. _.' 
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3.3.3 BODY FLAP. Trim capability to rel ieve elevon loads Is obtained by 
body flap deflection actuated.by power hinges as shown.in Figure 3.3.3-1. 

* 

fimw. 3.1.3-1 
BODY CLAP CONTROL 

Body flap deflection i s  from -11.7 degrees (trailing.edge up) for entry 
w i t h  a forward center of gravity to +16.3.degcees (trailing edge down) 
for entry w i t h  an aft center of gravity. 
deflection Is +22.55 degrees as shown in Figure 3.3.3-2. 

Maximum positive body flap 



- 
3.4 LANDING GEAR AND GROUND CLEARANCE. 

mounted, m i n  g e a r .  
227,000 pounds and a nuximum-landing v e l o c i t y  o f  221 knots. Maximum 
a l l o r a b l e  s i n k  r a t a  f o r  t h e  Orbiter Veh ic l e  w i t h  a 65,000-pound payload  
i s  6.0 fps. Gear deploymnt v e l o c i t y  i s  300 knots mximum. 
c a p a b i l l f y  i s  210 degree$ and the crusswfnd c o n s t r a i n t  is 20 knots maxi- 
mum. l’ha l and ing  g e a r  l n s t a l l a t i o n  Is i l l u s t r a t e d  i n  F i g u r e  3.4-1. 

The O r b i t e r  Vch lc l e  landing  g e a r  COR- . slsts o f  a double-wheel s t e a r a b l e  nose g e a r  and am, double- r rhca l ,  wing- . 
The gear Is des igned  f o r  a maximum randing  weight o f  

S t e e r i n g  

Ground e f f e c t ,  a s  shown in t h a  data s e c t i o n s  o f  t h i s  r e p o r t ,  1s given  as 
a f u n c t f o n  of t h e  ra t io  o f  helght-above-ground to wing span .  The h e i g h t -  
above-ground Is measured to a point OCI t h e  v e h i c l e  Just a f t  of t h e  t r a i l -  
Ing edge  o f  t h e  inboard  section of t h e  e l e v o n  (FS 1506.84, ’4. 282.71). 
Height-above-ground as a f u n c t i o n  o f  a n g l e  o f  a t t a c k  Is given  i n  F i g u r e  
3.4-2 for various v a l u e s  o f  t h e  r a t l o  h/b. 

The touc!down a t t i t u d e  Is r e s t r i c t e d  by t h e  ground scrape a n g l e  (+) a s  
t l l u s t r a t s d  on F i g u r e  3.4-2. 
g e a r  s t ru t  wndi tions: f u l l y  ex tended;  stat lc;  and f u l l y  compressed-ti res f l a t  
when t h a  body f l a p  1s In :he l andfng  position (-11.7 d e g r e e s ) .  
o f  e levon d e f l e c t i o n  ( t r a i l i n g  edge down) Is to f u r t h e r  restrict  the 
fouchdcwn a t t i  t ude  as shown on t h e  flgure. 

Scrape  angle(s) i s  given  f o r  :hree l and ing  

The e f f e c t  

1. 

,-- ---e?-- c -w-\ 

I Y  w 
‘4 - 

1 

n n  r.. m 
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f i v e  3.4-1 Y A l H  GLAa 

LANDING GZAR INSlALLAtlO 
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ANGLE OF ATTACK a - Degrees 

ELEVON DEFLECTION 6, - Degrees 

Figure 3.4-2 
~ a a u ~ b  CLEARANCE 



. - .  3.5 THEWIL PROTECTiON SYSTEH. The T h e m 1  Protaction Subsystem (TPS) i s  
designed to protect tha primrw airframe s t r u c t u r e  from tha effects o f  
aerodynamic heating during ascant  and entry .  
of rausabie  surfacs I n s u I a t I w  (RSI) ' tf les'  of three  types having a 100- 
mission c a p a b i l i t y .  

FRSl (tlaxible M I )  to 700.F (entry)  and 750.F (ascent) 
LRSI (low tamperature RS1) 700.F to 1200.F (nominal) 
H R S I  (high temperature R S I )  1200.F to 2300.F (nominal) 

In ganeral,  the TPS consists 

The t h r d  typar  of i n s u l a t i o n  used are:  

The TPS Is requirrd to provide adequata c a p r b i l l t y  for assuring safe aarth 
- t u n  and intact IandIng of the Orbiter Vehicle fol lcwing abort-onca- 
around(A0A) m d  rsturn-to-launc+si te (RTLS) abort. 
s t a l l a t i o n  1s shown I n  Flgure 3.5-1. 

General area TPS ln- 

T i le  gaps and steps Influenca the  aerodynamic characteristics ( p a r t i c u l a r l y  
drag) as sharrn In Sec t ion  4.0 (where a p p l i c a b l e ) .  
t d a  are  shwn In Figure 3.5-2. 
u n  be found i n  Raferenca 3-3. 

Orbi ter  moldline crl- 
A m r e  datalled dcscriptlon of the TF'S 

3.0-26 
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3.6 RWCTION CONTROL SYSTEM. A t t i t u d e  c o n t r o l  o f  t h e  O r b i t e r  d u r i n g  e n t v  
Is p r o v i d e d  by t h e  a f t  r e a c t l o n  control system (RCS)  l n  r o l l  and p i t c h  
up to  dynamic pressure 
l e v e l s  o f  10 and 20 p s f ,  
r e s p e c t i v e l y .  The RCS 
t h r u s t e n  a r e  l o c a t e d  i n  
the OHS pods a s  shown i n  
t h e  sketch. For dynamic 
p r e s s u r e  laveils excaed-  
lng 20 p s f ,  s u f f i c i e n t  
elevon ( e l e v a t o r - a i  Icron) 
c o n t r o l  a u t h o r i t y  i s  
a v a i l a b l e  and t h e  r o l l  
and p i t c h  thtwten a m  
deact i v a t e d .  The 
blaniceting e f f e c t  of t h e  
wing a t  h igh  a n g l e s  of 
at tack necessitates the use of yaw thrusters t o  augment t h e  r u d d e r  c o n t r o l  

u n t f l  the a n g l e  of a t t a c k  i s  reduced t o  a p p r o x i -  
m a t e l y  t e n  degrees . .  . Aft  RCS J e t / a e r o d y n a m i c  in- 
t e r a c t i o n ,  i l l u s t r a t e d  i n  t h e  sketch a t  l e f t ,  :s 
d i s c u s s e d  i n  Appendix B and d a t a  are  p r e s c n t z d  
i n  Section 4.0 (where a p p l i c a b l e ) .  

3.0-27 
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3.7 A I R  DATA S Y S T M .  The a i r  d a m  systam (ADS) i s  des igned  t o  p n w i d e  a i r  
data r e l a t i v o  to ,he v e h i c l e  a t  a l t i t u u s  wirere winds,  i n  c u r j u n c t i o n  w i t b  
v d t l c l e  spoods ,  can p m d u c a  r e l a t i v e l y  large errors i n  i n e r t i a l l y  d e r i v e d  
a i r  data. A t . r p p m x i m i t e l y  100,000 f e e t  of a l t i t u d e  (M - 3.S) two air 
d a t a  probos are exzendd  from t h o  0r4 i te r  forebody (FS 299 ,  UP 324) to 
stnso v e h i c l e  f l i g h t  condftions. 
orb i te r  forebody c a n t e d  10 dogre-, nosedcwn, r e l a t i v e  to t h a  FRL. The 
ADS p m b o  Is i l l u s t f a t d  i n  F i g u r e  3.7-1. 
mntod to m a s u r a  total t u r p a r r t u r s  (Tr), local s t a t i c  p r e s s u r e  (Ps ), and 

One probe  i s  l o u t e d  on each s ide of t h e  

The a i r  d a t a  prOb8 Is i n s t r u -  

gia o f  a t t a c k  f rom threa pressure ports (PI , Pz , and Pr ). 

.. .' 

I R m  17-1  
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3.8 CREY ESCAPE SYSTW. Tho Crew Escape System (CES) i s  des igned  to p r o v i d e  
safo egress and recovey for two  cr-n to a maximum a l t i t u d e  o f  75,000 
feet. A s k e t c h  of the CES is g i v e n  In F i g u r e  3.8-1 which also p r o v i d e s  
tho aamdynamlc slgn conven t ion  for t h e  raan/seat e o n f l g u r a t i o n .  
and p rox imi ty  aerodynamic d a t a  for use in  s i m u l a t l o n  s t u d l u  o f  mn/seat 
motion f o l l o w i n g  e j e c t i o n  are provided i n  S e c t i o n  4.3. 

Components i n t e g r a l  to  t h o  CES a r e  ouo rocket-pawered e j e c t i o n  seats 
mounted s ide -by- s ida  a n d  two e J e c t i o n  p a n e l s  i n t e g r a l  w i t h  t h e  overhead 
s t r u c t u r e .  The e j e c t i o n  s e a t s  have pcwercd, i n t e g r a t e d ,  t o r s o  r e s t r a i n t  
h a r n e s s  s y s t e m  u t i l i z i n g  single release c o n t r o l s  w i t h  s t a b i l f r a t i o n  drogue 
p a r a c ! u t e  s y s t e m .  
technic t r a i n  for severing t h e  i n n e r  and o u t e r  crew m d u l s  s t r u c t u r e  and 
t h e  outer s t r u c t u r e  o f  t h e  f o m a r d  f u s e l a g e  to p rov ida  an unobs t ruc t ed  
p a t h  for t h e  min/seat .  The hatc!!e are also w u i p o e d  w i t h  t h r u s t e r s  and 
hinges necessary to prope l  t h e  ha t ches  clear of t h e  man/seat t r a j e c t o r y .  
OW02 a l s o  inc ludes  a ball is t lc  gui l l o t i n e  for s e v e r i n g  overhead d i s p l a y s  
and cantrois e l e c t r i c a l  cable. 

Free-air 

The overhead e j e c t i o n  p a n e l s  are  equioped w i t h  a pyro- 

W 
3.523 
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.,'7 --.- 3.9 S H U m E  INFRARED LEESIDE TEHPEMTUAE SENSING. The Shuttle Infrared L a c -  
side Tunparature Sensing (SILTS) experiment is deslgned to obtain de- 
tailed temperature maps of the Orbiter Vehlcle wing and fuselage upper 
surface for the entlre entry heatlng period. The experiment is located 
in the SILTS f l n  t l p  a s s e d l y  whit! replaces the basellne Orbi ter  fin 
t i p .  The forw8rd portion i s  a hemispherical doma containing CAO double- 
pane windom for vlawing forward and to  the lift-side o f  the Orbiter. 
The d a m  contains windad covers and a window mollng system. The ex- 
terior surfacn of the SILTS f l n  tip i s  wvered with high-temperature re- 
usable surfocr insulation (HRSI) tiles. During antry the IR camara is 
positioned altarnrtaly a t  the two windows at seven-secmd intervals. The 
objectiva of th8 experiment is to identify areas where reductions i n  TPS 
weight might ba realized. Figure 3.9-1 presents a sketch o f  the 
s x W r l m t .  

~ ..- 
'. 

ri+ 3.9-1 I SILTS EXPERlMEN7 

3.10 MASS PROPERTIES. Mass Properties data for the Orbiter Vehicle should be 
obtained f m m  current Spaca Shuttle Hais  Properties Status Rewrts for 
the Orbiter Vehicle. T h u e  status reports are Ro&weIl International, 
Space Division reports and are publishad m n t h l y  (c.g., see Reference 
3-4) .  
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3.11 SURFACE DESIGN REQUIREMENTS. The aerodynamic integrity o f  the Orbiter 
Vehicle i s  dependent on the efficiency of all surfaces exposed to the 
air flcw such that surface design requirements are  critical to the defi- 
nItian o f  the vehicle aerodynamic characteristics. 
dynamic surface allgnments, Outer Mold Line (OHL) fairlng and smooth- 
ness requirements, and the seal ing requirements which establ ished devia- 
tions affecting botb aerodynamic and aerothermdynamic characteri s t i  cs 
o f  the Orbiter Vehicle are discussed in .this subsection. 

The allowable aero- 

Aerodynamic surface a1 ignments are out1 ined below. 

WIN6 INCIDENCE TOLERANCE 

X-z PLANE AT WING NSJAGE .VNCURE 
'to 116 

DESIGN INCICWE7 

W I NG D I FFERENTI AL I NC I DENCE TOLERANCE 
. /  

WING PANEL 
R I M  WING PANR 

CRITERIA RAT1WAl.E 

*hUX ULLOWABLE DlmREHTlAl INCIDWE r P 3 R  INCH FOR m MINIMIZE DEG2AOA- 
BEWEN THE Lm AN0 RIM W I N G  
P A N U  A7 THE WINGFUSMGE OF OM PANR R M  m l V d J S S  OUZ 
JUNCTURE (VMICLE SUPpdRTm IN TlVE TO THE TRAILING TO STRUCTURAL 
TWLlNG JIG) EDGE a&tM FOR TtE MISALlGWerT 

W I N G  mGE W W  TION OF AILERON 

OntDl PANa 
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DIFFERENTIAL DEFtECTlON OF WING TIPS 

MAXINUH ALLOWABLE TVIST TOLERANCE 

3.0-32 
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E R R O R  I N  L O C A T I O N  OF L E A D I N G  AND T R A I L I N G  E D G E S  

ERROR IN LOCATION of LEAOING AND TRAILING 
EDGES 

MmIcLL mlLIs 

CRITERIA RATIONALE 

0 AlxuAL L E  ELFMEW PROVIDE ACCEPTABLE 
SHOULD LIE WITHIN MI0 CHARAcTERlSTlCS 

CYLIMER FRW THE 
M am INCH-RADIUS w m  IMPACTING 

DESIGN LURING ibG I / 
WElW AN0 COST 

m w  
0ACTlJMT.L SHoulD 

LIE WITHIN am 
INCH-RADIUS cnw 
nm" TRAIL- 
DER FROM THE 

ING EDCE 
REQU IREMDilS C H R  E D  
AFTER LEADING AND 
TRAILING EOCE ASSW 
Blla HAVE B E N  WUY 
FASTMED TO CMTER 
SECTION OF THE SURFMX 

VERT1 CAL TAI L CANT AND I NC I DENCE T O L E R A N C E  

0 ,HAXIWM MLWABLE VERTICAL TAIL CAM s a  an INCH MAINTAIN V ~ I C A L  
IVMICLE IN TOOLING JIG) PER FOOT TAIL AERO EFflClENCY 

AND FLEWCE COHIR(K 
0 MAXIWM U W W U  INClDOItETOlERAKE s aaZS INCH RepuIRLMD(Is 

OF THE VERllCX TAIL (VMICIE PER mol 
IN mOLlNG JIG1 

The aerothermdynamic c r i t e r i a  pe r ta in ing  t o  surface d i s c o n t i n u i t i e s  and 
waviness are based on aerodynamic e f f i c i e n c y  requirements o f  1 i f t i n g  
surfaces and the prevent ion o f  premature t r a n s i t i o n  from laminar to  t u r -  
bu len t  boundary layers dur ing  the h igh heating p o r t i o n  o f  en t ry .  The 
prevent ion o f  premature separation o f  the boundary layer  on a l l  f i x e d  
and movable 1 i f t i n g  surfaces i s  a lso  Important. Aerodynamic e f f i c i e n c y  
i s  a f fec ted  t o  a much greater  extent  by surface condi t ions over forward 
regions o f  components ra ther  than a f t  regions. Tolerance c r i t e r i a  are, 
therefore,  genera l ly  more severe f o r  forward sect ions o f  the veh ic le  
surfaces and are somewhat relaxed f o r  a f t  por t ions.  

3.a-33 
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Surfaca d l scon t inu i t i cs  consist of steps and gaps. A step i s  an abrupt 
dev iat ion from the fa ired contour; a.g., a lap J o i n t  (H), 
toleranca fo r  a forward Facing step i s  general ly the r a m  as f o r  a rear- 
ward facing s tep  unless sgsc i f i ca l  l y  noted otherwise. The step require- 
ments (cf .  f i g u r e  3.5-2) apply t o  a l l  surface i r r e g u l a r i t i e s  which have 
a dlrmnsion n o m 1  to the OH1 axcapt RCC areas. 
t e r i a  are shown below based on t ra jec to ry  2689. 

The 

RCC s tep and gap c r i -  

m a  ~#i&311zm 

A gap i s  defined as an abrupt negative dev iat ion from a fa i red  contour 
fo l lcwed by an abrupt p o s i t i v e  deviation such as Is caused by a poor ly  
matc9cd butt  j o i n t  (e-&) o r  spaces between TPS tiles. 
c r i t e r i a  ara out1 ined bel- and apply to a1 1 surfacs gaps w i t h  the ex- 
ception of RCC areas (given above) and control surfaca gaps. Caps shall 
not allow any increase i n  a i r  leakage. 

TPS gap 

3.0-3L 
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A wave Is def ined as a smooth v a r i a t i o n  from a f a i r e d  contour. The wave 
he igh t  (H) i s  the distance measured normal to  the surface between a law 
p o i n t  on the surface and an adjacent h igh po in t .  The wavelength (2p) i s  
tw ice the d is tance from a low p o i n t  on the surface t o  an adjacent h igh  
po ln t .  (Refer to f i g u r e  3.5-2 for maximum al lowable gaps and surface 
waviness c r i  t c r i a . )  The waviness requirement appl ies t o  a1 1 externa l  
s u r f  aces. 

The master l i n e s  OHL f a i r i n g  requiremcnts permi t  no r e f l e x  f a i r i n g  on 
lower surfaces. Reflex f a i r i n g  i s  permi t ted on upper surfaces. Con- 
tinuous second derivatives o f  equations de f i n ing  the surface o f  the 
lower fordard fuselage are required. 
dev ia t i on  from the t heo re t i ca l  f a i r i n g  i s  20.06 Inch cons is ten t  w i t h  the 
OHL smoothness requi rements, TP5 thickness requi rements, and aerodynamic 
surface alignment requirements. Maximum surface I r r e g u l a r i t i e s ,  includ- 
ing  RNS sur faca f i n i s h ,  are def ined below. 

The maximum manufacturing f a i r l n g  

Penetrat ion c r i t e r i a  dur ing en t r y  a re  out1 ined belaw. 

3 .&35 
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g!!!!! 
Surface Irregularities due t o  protuberances suc!! as 
b l l i u l  attachment, v e n t s ,  and nozzle Ports must be 

a i r  data probes, um- 
assessed on an in-  

div idua l  basis.  
i n  Section 4.1 (tabla 4.1-1). 

Such Items are shown on Figure 3.11-1 and are assessed 

Tbhs pravantlon of u n p m g r a m d  a i r  leakage from inside the Orbiter or 
through 1 i f t i n g  surfaces is Important i n  maintaining lift effectiveness 
and minimum total drag. 
drag-due-to-1 i f t  than a sealed surfaca. 

An unsealed surface has more profile drag and 

3 ..e36 
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CONTROL S U R F A C E  SEAL1 NG REQUl REHENTS DURl NG ASCENT AND ENTRY (ORB ITER 
102 AND S U E S )  

am 
am 

0 
0 

am 
as AND 10 INCH MINI- a m  
lwlli CWL m R U P  

am 

am 

0 

0 

REQUIRE PRESSUE SEN. EQUIE P E S -  
S U E  SEAL 1 
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AERODYNAMIC DATA 

This section conta-ns the Orbiter 

Rockwell lntemational 
spaceoivftion 

fehicle Aer dynamic data to be used 
for entry trajectory analyses, subsystem design and analyses, flight 
control analyses, and manned simulation studies. The data presented 
herein represent the best available predictions of the full-scale 
flight characteristics o f  the Orbiter Vehicle. 

The aerodynamic characteristics are presented in a form which \Ail 1 
allow a bui ld-up to any desired configuration and/or f l i g h t  condition 
by incremental addition to the basic coefficient. 
characteristics are presented f o r  both body-axis and stabi 1 ity-axis 
systems. 
body-axis system only. Aeroelastic data, assuming a quasi-static 
vehicle, and the effects o f  hypersonic and high altitude are also 
provided. 
tible (or  convert to the viscous parameter, VA). down to 300,000 feet 
(Vd, - 0.08), use viscous parameter tables to a value o f  0.005, and 
transition to the Mach number tables. Altitude m y  be converted to 
viscous parameter by use o f  Figure 4.0-1 (see also Appendix C). 
Where additional information i s  considered desirable, explanatory 
material has been provided in Appendices. 

These data are given in the following subsections: 

Longitudinal 

Lateral-directional characteristics are presented in the 

Prescribed use o f  the data is to _begin w i t h  the altitude 

4.1 
4.2 LATERAL-DIRECTIONAL . .  AERODYNAMIC CHARACTERISTICS 

LONG 1 TUD I NAL AERODY NAH I C CHARACTER I ST I CS 

. .. . - . _ .  , . . _,__ ~. . . - . . 
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I (EXCEPT AS NOTED) 

- 

k , A S I C  DATA TAPE L l H l T  FOR ALL FILES 

I 

The a n g l e  of a t t a c k  and s i d e s l i p  l i m i t s  for these d a t a  are shown i n  
F i g u r e s  4.0-2 and 4.0-3. 

ABORT HISSION TAPE L I M I T  (SEE APPENDIX F )  
J\, - L- -- - - - - - - - - - - - - - --- 

I- 
I 

2o t 
TAPE AND ADD9 NEGATIVE u - L I M I T  I S  -10  DEGREES 
EXCEPT AS NOTED IN  APPENDIX F 

0 1 3 5 4 S 6 7 8 9 10-0 
MACH N U M B E R  

Figure 4.0-2 
ANGLE OF ATTACK LIMITS 

*a - 
SIDESLIP 

ANGLE, 
B -- 
II 

Dqroor  

t..- 

n 

0 
0 

MACH NUMBER 

Figure *o-3 

SIDESLIP ANGLE LIMITS 
-. 
4' 
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4.1 LONGITUDINAL AERODYNAMIC CHARACTERISTICS. Aerodynamic characteristics 
pertaining to the longitudinal degrees-of-freedom are presented as full- 
scale, rigid and elastic, force and moment coefficients. The longitud- 
inal aerodynamic coefficients are presented in the following subsections: 

4.1.1 BOOY AXIS DATA 
4.1.2 STABILITY AXIS DATA 

Each subsection has been divided into individual coefficients and pre- 
faced by the appropriate equation for obtaining a total coefficient f o r  
any selected flight condition. Each element of the equation i s  defined 
and referenced to its associated figure (or-table) for obtaining the cor- 
responding numerical values, which comprise the remainder of the sub-di- 
visions. The limiting conditions for these data are presented in Figure 
4.1-1. 

The aerodynamic data are based on wind tunnel test data involving scale 
model s at various attitudes., Reynolds numbers, and tlach numbers. 
data have been corrected for Reynolds number (skin friction) along the 
TPS design tralectory (cf. Section 1.1) as shown in Figure 4.1-2. Skin 
friction drag and forebody axial force coefficients are shown on Figure 
4.1-3. Correctjons fgr. Outer-Mold-Cine (OML) surface- cpnditions (TPS 
tiles and protuberances) have been included as shown in Table 4.1-1 and 
Figure 4.1-4. Base drag characteristics were computed using wind tunnel 
test measurements of fuselage base pressure as given i n  Figures 4.14,-6, 
and -7. 

The 

4.1-1 
SDn-SH-006dlL-6 
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Tabla 41-1 
PROTUUIANCE AND T?S ROUGHNESS DRAG 

1 .  

Figutm 4 1 - 3  I SURFACE IRREGUlARITlES 1 
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SD72SH-0060-lL-6 

... , 

I 



0 0 ' a- I I 
0 



-- . 
i 



. . - .... - -~ . . . 

' 1  
I 

i 

1 
'- 

b.14 

r 



. 

: L- - 
4.1.1 BODY AXlS DATA. The loagi.tudina1 aecodynamlc.chacacterLstLcs.ln the 

body axLs.rystem are: 

4.1.1.1 NORMAL FORCE COEEflClENT 

4.1.1.2 AXIAL FORCE .COEF€I CI EN1 

4.1 . I  . 3 .  

4.1.1.4 TRIH AND STABILITY 

PITCH LNG. MOMENT .COE€E I C I ENT 

The pertinent .equation for-obtatning-the total-coefficlcnt foe any given 
f 1 i g h t cond L t ion . p recedes . the - p res- tat ton .o € data . . -Each -e 1 emen t - o f  the 
equat ion 1 I def i ned .and .referenced to. the .app ropc I ace. f iguces and/or 
tables for obcalnlng tht.coetespondLng.nwnerical .values. 
tional .Cnfocmatioo i s  ~asideced-beneficial. (e-g., aecaeLastic.deforma- 
t ion, hypersoa I c .  vi scous interact ion, and .RCS . impingement), Append1 ces 
have been included for reference. 

Vhece addi- 

Y 
V x 
3 IC 

8 
. .  

._- 

4.1.1-1 
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.- - 4.1.1.1 NORMAL FORCE COEFFICIENT, The Orb i te r  Vehic le  aerodynamic narval fo rce  
c o e f f i c i e n t  i s  defined i n  t h i s  section., The basic aerodynamic normal 
force c o e f f i c i e n t  data a r e  presented i n  three forms: 1) as a func t i on  
of speed brake angle, angle of a t tack 
and Mach number from-M = 0.25 through 
M - 2 0 ;  2 )  as a func t ion  o f  angle of 
a t tack  and the viscous i n te rac t i on  
parameter (E) from 0.005 (equiva lent  
t o  M - 13.6) through 0.08 (equivalent nLLA' 
t o  300,000 feet  o f  a l t i t u d e ) ;  and 3) as a funct ion o f  angle of a t tack  
and a l t i t u d e  from 3OO,OOO f ee t  through 600,000 feet. Orb i ta l  aero- 
dynamic c h a r a c t e r i s t i c s  are included i n  Appendix C. R C S  j e t  t h rus t ,  
t h rus t  impingment, and f low f i e l d  changes due t o  j e t  plumes are a lso  
included i n  t h i s  sec t ion  [4.1.1.1]. Uncer ta in t ies  associated w i t h  
the normal f o rce  cha rac te r i s t i cs  are ava i l ab le  i n  Section 6.0 

The RCS f l o w  f i e l d  i n te rac t i on  data are presented as a con t r i bu t i on  
t o  the normal f o rce  (N) ra ther  than the c o e f f i c i e n t  (CN) since the 
terms due t o  j e t  t h r u s t  and irrpingemcnt a re  independent o f  dynamic 
pressure and cannot, therefore, be normal ized in  the conventional 
manner. CAUTION should be observed when apply ing thZse terms i n  the 
f l i g h t  regime where the RCS i s  used i n  conjunction w i t h  the aerody- 
namic fo rce  ( c f  Section 3.6); i.e., the aerodynamic . coe f f i c i en t  must  
be converted to a dimensional force before adding the  RCS f lw  f i e l d  

. I n t e r a c t i o n  e f fec t  (see also Appendlx 8 ) .  

The t o t a l  normal f o rce  i s :  - 

The t o t a l  normal force coe f f ' u ien t  i s  obtained by summing up the bas ic  
data ( a l l  surfaces zero except speed brake) w i t h  a u x i l i a r y  data con t ro l  
surface de f l ec t i ons ,  ground e f f e c t ,  f l e x i b i l i t y ,  etc.). A l l  o f  the  
t o t a l  data (bas ic  p lus  a u x i l i a r y )  a r e  given a t  spec i f i ed  condit ions. 
L inear  i n te rpo la t i ons  are to be used a t  in termediate pos i t ions.  *The 
t o t a l  aerodynamic normal force - i s  obtained. by the fo l low ing  equation: 

+ ACN 
N~ANDING + *'N GROUND SILTS 
G t ~ l  EFFECT PO 0 

63 + AC + AC 
+ 'N* z+ 'N1 Nerrx a q 

where, 

C = Basic, fu l  I-scale, freestream, r ig i .d  . (Figures 4.1.1.1-I I N8ASIc body normal force c o e f f i c i e n t .  through -67) 

NOTE: 1 )  AII con t ro l  surfaces neut ra l  
. s=cept 6,. * 25'. 

*Refer to Appendix 0 when us ing  d i g i t i z e d  data. 

from above ca lcu la t i ons  t o  account f o r  OW02 manufacturing mlsat ignments. 

\. - ._ 
NOTE: The lnertmcnt presented i n  Appendlx E should b e  added t o  the t o t a l  

4.1.1.1-1 
SD72-SR-CC60-lic7 
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AC - Change i n  normal force coe f f i c i en t  (F i  gures 4.1 . I .1-6C 
NELtvATOL due to e l e m  (elevator) deflect ion, through 9 7 )  

de, when inboard and outboard angles 
are  equal. 

NOTE: 1. Partior span factor, 4,tob.fFfgure 4.1.1-1-98) 
used fo r  elevon-body f l a p  i n te r -  
connact f l i g h t  system where 6, 
i s  l i m i  t t d  t o  25' and inboard 
and outboard angles ace not 
e q w l .  

ACN = K,, A t N  + ( 1  - 5)  A t N  
e 

=I:&*; w.. e 
I.? *% 

AC - Change i n  n o m 1  force coe f f l c i cn t  
NAILfroN due to  a i  le- deflect ion, 63. 

c 

AC = Change i n  normal force coe f f l c i en t  (Figures 4.1.1.139 * BOO1 due to  body f l ap  def lect ion,  6,. througt+127), -. 
*! FLA? 

' -  - Change i n  n o m 1  f o r a  coef f i c ien t  due (Assume zero) 
A C ~ l u o D c r  t o  rudder deflect ion, dr. 

ACNS?fcO MAKC due to  speed brake def lect ion,  9,. through 45) 
- 'Change i n  n o m 1  force coe f f i c i en t  (Figures 4.1.1.1-1 

= CN8s,-Ss;C~&~-= - Change In  normal farce c4eff ici .ent dua (Assume zero) 
t o  r a t e  o f  change o f  angle of  attack, 
6, (par radian).* 

cN. 

cN, 

U 

= Change In normal force c o c f f l c l e n t  due (&sums zero) 
t o  p i t c h  rate, q. (per radian) .* 4 - Change i n  normal force coe f f i c i en t  due 

- AC cos u + A C  
ACNFUX to oero t l as t i c  d t fona t Ion .  

s i n  a . 
Drrcr LFLEX 

L f l K X  
AC - f l ex ib le  l i f t  increment (cf. Section 4.1.2.1) 

ACDr,cx= f l e x i b l e  drag l n c r m n t  (cQ. Section 4 .1 .2 .2 )  

*For ro tary  de r i va t i ve  t rans fer  eqmtions see NASA SP-3070, "Sumnary of Trans- 
formation Equations and Equations of b t t o n  Used i n  Free f l i g h t  and Wind 
Tunnel Data Reduction and Analysis," Gainer, T. G., and 5. Hoffman, Langley 
Research Center, Hampton, V i r g i n i a  ~ (1972).  
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THETA CDEGI 

CDNIaRATION 

CEMER Cf GRAVITY XD = FS 1076.7 IN. lJIffi bREA SU = 2690.00 SO.FT. 
CR r0 - E L  0.0 IN. WING SPAN Bu = 78.m n. 

ncKM ZO = K 375.0 IN. M.A.C. M - 39.560 FT. 

Bcov LENGTH LB = 1290.3 IN. 

eE€lIK CFZBITER M H I U  EWEWE D I E b 6 I c 1 6  

-5.000 0.0 0.00046 0.00154 

5.000 0.0 0.00020 0.000€6 
10.000 0.0 0.0001 1 0.00039 

0.0 0.0 0.00031 0.00102 

15.000 0.0 0.00004 0.00014 
to.000 0.0 -0.00003 -0.00008 
25.000 0.0 0. oooor 0.00002 

0 * 00.30 
0.00166 
0.00106 
0.00063 
0.00022 
-0.00013 

0. o o w i  
0.00269 
0.00 171 
0.00101 
0.00034 
-0.00021 
0.00006 

FF I 
0.00857 
0.00615 
0 .Ol ) r t lO  
0.00251 
0.001~ 
0.00053 
-0.00032 
0.00009 

0.01098 
0.00788 
0. o o K 5  
0.00335 
0.00197 
0.00068 
-0.0004 I 
0.0001 I 

0.01232 
0. o o m  
0.00589 
0.00375 
0.00221 
0.00076 

-0.OOOLt6 i 0.00012 

4-rl. 1 .-f-133' 
S D72-~H-006c-Ur5 

. -~ .... - . . - .... .. 
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0.- 0.n16h 
0.1- O.ls08( 

0.0*03 0.10369 
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0.06071 0.080SS 
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o.oasia o . o m o  
0.0 0.0 
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ILV1sCo: 

0.0owo 
0.00034 

4.0- 
-0.OlZua 
-0.00619 

-0.00060 

- 0 . 0 0 1 ~  

0.0 

0.10698 o.E183( 
0.08659 0.1sZa 

0.05038 0.10873 

0.017tl 0 . 0 4 9 m  

0.00247 a . o t x o  
o.oou73 0 . 0 1 m  

0.0011# 0.0 
0.0 0.0 
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1 Figuf-il. 1. 1. 1-121 
GROUND EFFECT 
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landing Gear O w n  

%E 

GROUND EFFECT 

0. a966 
a. 17373 
0 . 0 8 9 9  

0.05337 

0.031 33 
0.0 I o w  

0.30012 

0.19680 

0.  IW6b 

0.06556 

0 .03SO 
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0.0  
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0.25Sas 
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Landing Gaur O w n  

a*= 5. ooo S,,=-11.7' 6,,= ALL 

' for h/b 

282.71 
x. 11oi.m 



I 
1 

i 
Lading Goer O m  

8, f 1 0 ~ 0 0 0  . a,, = - lL7- 

0.tslSO 
o.aO70 

0. 18388 

0.09tO8 

0.011167 

o.oifre 
0.0019z 
0.0 

0.31 I 2 9  
0.2783 
0 .ZOfl4 
0.1108L, 

0.05190 

a. otm 
0. oat82 
0.0 
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ac = Change i n  normal force coef f ic ient  (Figure 4.1.1.1-JZ8 
N~*NDING due t o  f u l l y  extended landing gear. GEAR 

= Change i n  normal force coe f f i c i en t  
A C N t m ~ ~ ~  EFFECT due t o  proximity o f  ground, f (h/b) 

NOTE: 1 .  See Section 3.4 fo r  ground 
clearance and scrape a t t i  tude. 

“ N G ~  + A S I F  

*%G€ 

&r=-11.70 Gt 

= Incremental n o m 1  force 
; , , , . ,~coefficient in ground e f fec t  

(Figures 4.1.1.1429 
through -1 38 1 

6*c with 6,= -11.7’ 

GL coeff ic ient  i n  ground e f f ec t  through 1 L 5 )  
A ~ N ; ~  - Incremental n o w 1  force ’ (Figures 4.1.1.1-1 j9 

for various 6,pe f l ec  t ions 

= Change in normal force coe f f i c i en t  due 
SI LIS t o  addi t ion o f  SILTS pod. ?OD 

cos a + AC s i n  a 
D S l l f S  

?OD 
= AcLSILTS 

?OD - SILTS pod l i f t  increment .Ccfc Sectian .4.1.2.1) 
AcLsILIs 

iOo- 

DSILIS 
?OD 

AC = SILTS pod drag increment (If.. Section .4.1.2.2) 

.RCS f l a w  f i e l d  in teract ions have been subdivided i n t o  three .components: 

. 1. RCS JET THRUST (subscript JT) 

2. RCS JET PLUME IMPINGEHEN7 (subscript IMP) 
3. RCS’JET PLUME EFFECT ON FLOW FIELD (subscr ipt  J I )  

*The e f f e c t  o f  the RCS may be described as a dlmensional normal force 
(pounds) i n  terms o f  the s ign i f l can t  cont r ibut ing elements by: 

NRcS N,, + [N,”~p+ ANELEVO* %OY F L U  IMP N ELEVON 

I 

- 

] + q S[ACN + AC + ACN ] 
E?:; ” 

where, 

NJT = Normal force resu l t ing  from number (c f .  Appendix 8) 
(n) o f  je ts  being f i r e d  - c [NIEI  n l  - Ib 

NOTE-: 1. OJG - operating j e t  group Q 

f o r  reference - only 

OJG 

2. Values d i n  i n  Figure 8-1 arb 

. .. 

/ -  I ‘*Refer -* to Appendix D when ustng dig i t i zed  data. 
\, 
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AN w0r 
f l A C  
IMP 

AC 
N, 1 

ACN I 

ELEVON 
J I  

r') 

Nomi force msolt lng from Jet i n r  (flgure 4.1.1.1-146 
pingemnt on OV rurfrcs(s). and-147) 

Change i n  nomi forca-dtm t o  effect 
of lmpingamant on elevon effectlvo- 
ness. 

(Figure 4.1.1.1-148) 

Change in normal force d u e  ' t o  effect (FIgurs I 4.1.1.1-'149) - 
of Impingement on body flap t f fec-  
t i vcncss. 

C r '* 6,, n I - i b  
01G 

Ch& Ln normal f o r a  coafflclcnt 
due to jet interaction. 

Change In normal farce eosffielant 
due t o  jet i n t e r a c t i o n  on elevon 
effectiveness. 

NOTE: I .  Down-firing j e t s  

6. < O', 6 - -30' - +IO0 Caw 

e1ec 
6. > 0'. 6 

2. Side-firing jets 
< O ' ,  6 - -30' 

CKEf 

6. > O', 6 - +IO' 
eeeg 

3. Up-firing Jets 
D 

- .  
(FI gurs 4. I. 1.1-1 531 

(Figure 4.1.1 1-1 543 

(Flgura 4.1.1 .l- 1 5 9  

(Figure 4.1 .1 .  I-:? 56) - 

(NO effect) 

4.1 J.14 
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@A!! Rockwell Intematlonal 
spacec3vwon 

- Change In normal force coefficient due Ac"Y ?LA? to jet  Interaction on body f l a p  effec- 
It t i veness. 

NOTE: 1 .  

2. 
3 .  

Down-fi r i n g  j e t s  
sa,< 0. p 6atpEF-1 4 - 25' 
.&f> 0' 
Side-f I r i n g  jets . 
Up- f i r ing  je ts  

(Figure 4.1.1.1- 153 

P o  e f  feet] 
No e f f e c t  

c (NO effect)  
* -  

The t o t a l  R C S  effect, N R C S ,  during t h r u s t  build-up and d e c a y  i s  
o b t a i n e d  by reduc ing  t h e  fu l l  thrust value by t h e  ratlo o f  mmentary 
t h r u s t  (see Ref. 4-3 1 to f u l l  thrus t .  

4. I .  I .  1-5 
SDVSH-0060-U-6 
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I ALPHA CDEGl 

CCWIURATICN 

CENTER CF GRAVITY X3 = FS Im.7 IN. W I N 3  b E A  94 = a390.00 Zl.FrT. 
BAglIN m1TER W I U  EFEFfKE D I M N S I M  

(3A YO=R 0.0 IN. W I N 3 9 b N  B4178.057 FT. 

8ooy LE!GW L9 = 1EO.3 IN. 
"T a0 = K 375.0 IN. H.A.C. C u - 2 3 . 5 E 8  Fr. 

pLFH6, ( E G I  
15.000 17.500 20.000 22.500 25.000 

K L n N 0 
oa58 (EG) WVL FCFE aEFICIENT 

0.0 O.lSel81 0 . 3 l h e l  0 . W I  0.9iEB31 0.- I 0.819tI 0.- 
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XINDI FIGURE 4.1.1.1-4 
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ALPHA CDEGI 

CCFFICLRATION 
BELIE WITm M H l U  r"c€ DIMPSIas 

OF GRAVITY XO - E 1076.7 IN. UING pFIE4 94 * 2890.00 S2.n. 
Y O - &  0.0 IN. U I N j s p A N  &(=78.051 FT. 

KMM 20 * K 375.0 IN. H.A.C. 

70.000 0.1- 0.- 0.4- 0.- 0.- 0.81- 0.97512 1 . E 1 1  1.1- 

87.2(10 0.14759 0.27789 0.333 0.5nL10 0.661% 0.800-8 0.95315 1.05382 1.11WO 

---- 
FIGURE -4.1.1.1-6 
BAS IC NORMAL FORCE COEFF I C I ENT 



. .  

-. 

. __ -. . 

ALPHA CDEGI 
i 



.- . 

' W  

MACH too 
OELSB COEGI 75 

0 a 50 
0.800 - - 

ALPHA COEGI 

BA9LIN -ITER "-E FEFExbE D I m I o N s  
CF GRAVIM )30 = FS 1m.7 IN. WIW ARZA 9J = 2550.00 92.m. 

Yo-R 0.0 IN. W I N j S W  B4 -78.057 IT. 
)I?MM ZO - W 3i5.0 IN. M.A.C. M=39.568 !=r. 

0 . 4 s  
0.4&0i 
0.46000 
0.45539 
O . b W 4 5  
0.43385 
0.41870 

2 IEM 
0.- 
0.651B, 
0. W700 
0.0+114 

0.- 
0.80219 

0.- 

0.98145 1." 1.05307 
0 . m  1.- 1.0%1& 
0.97500 1.0330 1.moo 
0.- 1.02925 L.Oy119 
o.EM;62 1.02c65 1.- 
0 . w 1  1 . o m  1.02158 
0.9ZBJ 0.98682 0.9Zw 

MIMR 
ATE >*- BASIC NClRMAL FCRCE COEFFICIENT 

FIGURE -4 .  f 1 1-8 



. . - _  . 

.-- - .. _. . 

-10 

f I 
L 

i 
H P 1 

0.2xSu 0.- 
0.m7l 0 . m 1  
0.2oOOo 0.33000 

O.l'i98 0.311W 
0.1- o . i sE5  
0.15125 O.Es273 

0.1- 0 . ~ ~ 1  i 
- -- 

S C 72 -S H -0 0 6 0  - 1 L -6 



RockweIl 
lntemetlonal Space Systemr Group 

\ 

.-a 

I 1 
MACH 

ALPHA CDEGI 

. .  

_ _ ~ _  
SD724H-0060- 1 L-6 



. . .  

.. 

0 

U 

.. -.-- -- 
. SD72-SH-0060-1:-6- 



Rockwell 
Space Systems Group lntematlonal 

PLRIP, (LEG) 
5. OOO 7.500 10.000 12.500 15.000 17.500 20.000 22.500 25.000 

~ G H- I J K L M N 0 -  
_Cas KEG) KfWl FCR(X -1ClEM 

1.138667 0.0 0.2p19 0.- O . + m  0.61081 0.73592 O . E S f F l  0.99318 

MACH - 

15.000 
E5.000 

ALPHA CDEGI 

C(NIGLRATI0N 

CEMER CF @?AVI,M W - FS 1076.7 IN. UING pc?EA 94 = m . 0 0  SQ.FT. 
BASELIN -ITER M H I a E  FimFlENCE DIPRSICE6 

CR Yo-E 0.0 IN. U I N j s P b N  EM-78.051 FT. 

Bmy LEN;TH LB = I a . 3  IN. 
MKM ZO = K 315.0 IN. H.A.C. a-3.938 Fr. 

0.21719 0.335¶ 0.+,'226/ 0 . m 1  0 . m  0.- 1 0.S833 
0.21200 0.33800 0.46100 o.moo0 0.73ow 0.86001 0.98300 

W.000 
5.000 

81.200 
70.000 

0.20106 0.9853 0.4301 0.99316 0.- 0.- 0.98117 
0.18316 0.3177t 0.- 0.58408 0.71570 0.&717 0.- 

0.16w3 0.29925 O.Wo47 0.- 0.65012 0.8313 0.9391 
0.17899 0.- 0 . 4 m  0.- 0.70~31 0.85766 0.- 

1.- 
1.03891 
1 .OJ130 
1.03193 
1 
1 .On17 
1 .00347 

-~ 

FIGURE 4.1.1.1-12 XIMR m- 
24E3,83c BASIC NORMAL FORCE COEFFICIENT 

- . 
.. 



- ... .. . 

. .  

Z u 

ALPHA COEGI 

FE=ecE O I f e 6 I M  
CF GRAVITY W - FS 1078.7 IN. W I N  aF;EA SJ - aeS0.m a.m. 
aR YU -a 0.0 IN. UIW g ~ m  B.I - 78.m n. 
fGF3XE a0 - K 55.0 IN. U.A.C. 01-3.938 n. 

- __ - - - - . 
S D72 - S H O O ~  60 - 1 L -6 



Rockwell 
Spua Systems Gmup Intematlonel 

MACH 

- ALPHA CDEGI 

BASLIE CRBIm? W I a E  EFEFOCE D I E N S I a u S  
CEMER ff a?AVIlY W - FS 1076.7 IN. UINj P E A  SW = 2BM.00 93.R. 

Y O - E  0.0 IN. UINjsPpN Ela78.057 FT. 
KMM ZO - K 55.0 IN. M.A.C. a-39.568 Fr. 

I 70.000 0.19047 0.- 0.W16 0.- 0.73023 0.86300 0.93260 1.- 1.10017 
81.200 0.1733 0.31- 0.- 0.51668 0.71589 O.€’-tt962 0.- 1.05182 1.- 

- 
DJCIIMR D A  FIGURE 4. I .  I . 1 - 1 4  
oAE--3--8t BASIC NORMAL FORCE COEFFICIENT 

- -~ 
4.1.1.1-19 



- -. . 

~ 

FIGURE 4.1.1 1-15 

- - - 
S D72 -SH -is 0 6b - 1 L -6 



. .  .. . .~ .. .. - . - .. - .  
. . .  . . . .  - .  

PlPHA (OEGI 
5.m 10.000 12.500 i5.m 17.500 a.000 =.sa zj.000 
0 I J K L M N 0 

0.0 0.- 0.41- 0.- 0.6ST2 0.8281 0.- 1.- 1.13663 1.18377 

a.aoo o.ao00 o . w o  0 . ~ ~ 5 0  0.- 0.821#30 o.stow t.085Oo ~.imo i.te000 

EL58 (=GI WWk FUXf CCmICIEM 

15.000 O.=% 0.41010 0.EGW 0.68979 0.m14 0.9+?51 1.OE9l 1.1- 1.18181 

W.000 0.- 0 . B 1  0.- 0 . m l  0.8132 0.m- 1.- 1.12wt 1.tlTDs 
93.000 0 . m  0 . m  0.- O.ml4 0.805tl 0.92707 1.- 1.1Xll4 1.17- . 
70.000 0.21617 0.37203 0.51291 0 . m  0.7563 0.91853 1.- 1.11'421 1.16660 
91.200 0 . 1 m  0.339 o.LI5sB O . € J + I S  0.78205 0.- 1.03732 I.!= 1.16095 

Rockwell 
Spaem Systems Group a!!!!! International - 

. 

MACH 

ALPHA COEGI 

W I N  WITER MHIaE RFWM: OIrEr6IOJs 

KMM a0 = W 375.0 IN. M.A.C. M 9 3 . B  IT. 

CPmR CF GRAVITY )(o * FS 1076.7 IN. UING Pf iEA 94 = ZXl.00 9Q.R. 
YO-R 0.0 IN. UIff iFW W 9 f 8 . W  n. 



. . __ 

I 

2.m 5.000 7.530 I 0 . m  
F 0 H I 

C I N  

S D 72 -S Fi -00 60-1 L -6 



ALPHA CDEGI 

bLR(A ( E G 1  
5.0130 7.500 10.000 12.500 15.000 17.500 2o.Ow) 22.500 25.000 

J K L M N 0 G H I 
E L 9  tm) FUWL FCRCE CCmlCIENT 

0.0 
15.000 
25.m 
4o.m 
93.000 
70.000 
87 .a0 

0.7- 
0.70500 
0.- 
0.- 
0 . m  
0.- 

1.11767 1.1- 1.- 
1.11218 1.13z2 1.25167 
1.11000 1 .1mo 1 . a o o  
1.10582 1.1- 1.24731 
1,-3 1.1- 1.- 
1.- 1.1762r 1.- 
1 . m  1.17CW 1.- 

FIGURE 4 . 1  . I .  1-1 8 
BASIC NORMAL FORCE COEFFICIENT 

-- 
_ _ .  SD72 4H-00 60 - 1 L -6 



__. . .. . . . . __ . . _ _ -  . 

- . ._ -. 

.- . 

. .  

z u 

- ______._ .- 
4.1.1.1-24 

-~ - . _____ 
S D72 4 3-3 0 60 - 1 t -6 .. 



_ - - _  

Z u 

MACH 
0 25 50  T I  100 - DELSB CDEGI 

- - 1.050 

3 10 15 20 25 30 

ALPHA CDEGI 
w 45 

M N I a R A T I O J  

CENTER CF GRAVITY )a3 - FS 1076.7 IN. WINS P E A  94 = m . 0 0  92.R. 

K3€NT ZO - W 375.0 IN. M.A.C. M-33.Ea FT. 

=IN oF?BITER MHICLE D I W I C S  

CR YO-R 0.0 IN. UINSSPPN &(-78.051 FT. 

EWY LDGW LB = 1290.3 IN. 



i 
i 
-_ 

ALPHA CDEGJ 

s (LEG 
0.0 

m 
I5.m 
a.ow 
W.OU0 
5.m 
7O.aOO 
Bl.m I 

F 
IENT 
0.1248 
0 .11m 
0.1 ISDO 
0. 1- 
O.CSSi 
o.cmc6 
0 . m 7  

L 

I 0.- 0.91- o.rt500 
O.LkOi=G 
0.35319 
0.- 
0 . 3 : e  I 0.- 0.- 0.5isOo o.Ee12 

0.54435 
0.- 
0.- 
L___ 



, 

c I 

ALPHA CDEGI 

W I G S R A T I Q J  

E M 5 3  C F  CRAVITy W = FS 1076.7 IN. WING bE.4 9.1 * 2390.00 93.FT. 
BASELIN WITER M H I a E  D I E S I M  

OR y13-R 0.0 IN. WINGSPPN 64-78.057 17. 

Bow LENGTH LE = l a . 3  IN. 

M3MM 20 = K 315.0 IN. M.A.C. W=?a.968 FT. 

-. FIGURE 4 . 1  .1 .1-22 
BAS 1 C NORMAL FORCE COEFVI C I ENT 

v-. 7; T ;-m - 
--- .......... ___-  

I SD72-SH--O-O60-1 L-6 



z 
U 

ALPHA COEGI 

- FIGURE 4.1.  I .  1-23 I 
u, 

- ----- 
. S D 72 -SX-0060 ~1 L -6 



Rockwell 
-0 !Systems Gmup lntematlonal 

i 

MNIW?ATICN 

CENFER CF GRAVIS( XO = FS 1076.7 IN. W I M  pF?EA 94 = 2590.00 sQ.FT. 
BASELIN m1m M H I U  F f F F m I  OIM3.6ICNs 

OR m = a  0.0 IN. WINGSPAN EU = m.057 FT. 
ncMNT EFDEPCE x )  - W 3i5.0 IN. M.A.C. CGIr3.568 Fr. 

Bow LEM3l-I LB - 1230.3 IN. 

MACH 

PLRtA KEG)  
5.000 7.90 10.000 12.500 15.000 17.500 2o.ooo t2.500 a.000 

H I J K L n N 0 G 
Cas ( E G )  MR-N FcFhE CEFFICIOJT 

1 15.000 0.- 0.41469 0.- 0.6919 0.82919 0.- 1.- 1.18339 1.- 
a.000 0 . a O  0.41000 0.8200 0.68700 0.92502 0.9+300 1.07000 1.1m 1.29000 
QO.000 0.25731 O.902rl 0.- 0.- 0.82016 0.- 1.06790 1.17929 1.- 
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25.000 0.12951 0.19891 0.- 0.353 0.42588 0.51354 0.60539 0 .7023  0 . W 3  
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-0.195% 
-0.18437 
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E"ER CF GRAVIM XO f S  1076.7 IN. WlNj SE.4 SU = 2690.00 SQ.FT. 
OR Y O = =  0.0 IN. U I N i S P p N  Bt(- 78.056 FT. 
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-0.36322 
-0.35871 
-0.33799 
-0.30312 
-0.25719 
-0 .zoo 18 
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0 . 1 1 m  
0. IYY 
0.1-5 

F I GURE 
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-0.17147 
-0.1931 
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W GRAVITY )co = FS 1076.7 IN. WING ARF3 9.1 - E690.00 S0.n. 
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CONICLRATIW 

CEMER W GRAVITY W - FS 1076.7 IN. WINCI PR€A SW * 2690.00 SQ.FT. 
OR t VU R 0.0 IN. W l f f i  SPAN Bu = fB.056 FT. 

FCPENT zo = K 375.0 IN. H.A.C. a-39.560 FT. 
LDJctTH LE = 1290.3 IN. 

BAsQIb€ WITER WIaE REFEEXE D I M N S I M  

P I  G I  H I  I 
aEwN KRJlL FORCE 

-0.OWtO I -0.05107 I -0.06317 I - 0 . O m  

I t PLRLA (DEG 
15.0001 tO.OOO I 25.000 I 30.000 

-35.000 
-30.000 
-25.000 
-20.000 - 15.000 
-IO. 000 
-5.000 
0.0 
5.000 

10.000 
15.000 
a. 000 

-0.04m 

-0.03003 

-0.01797 
-0.01289 
-0.00657 

0.01508 
0.03174 
0.- 

-0.09673 
-0.03851 

-0.02700 
-0.01957 
-0.01307 
-0. a0607 

0 . 0  
0.01589 
0 . 0 B  
o.oEs391 
0.09812 

-0.04957 
-0. m26a 
-0.03519 
-0. a n 6 1  
-0.0 1930 

~ -0.0 0.02t71 1072 

0.” 
0.08028 
0. 11629 

-0.071% 
-0.06!585 
-0.057v 
-0. 094rb 
-0.Ob116 
-0.032rZ 
-0.019r9 

0.0 
0.02595 
.O.Osnl 
0.09416 
0.13542 

CREMM 
-0.09172 
-0.08756 
-0.08OEs 
-0.0235 
-0.06290 
-0.05K9 
-0.03376 
-0.02371 
0.0 
0.02975 
0.- 
0 . 1 m  
0.1- 

-0.10703 
-0.10915 
-0.w686 
-0.08816 

-0 .m81  
-0.04765 
-0.02825 
0.0 
0 . o m  
0.07319 
0 .1193  
0.17249 

-0. o m  5 

-0.12009 
-0. I1230 
-0.10330 
-0. m9a 
-0.07692 
-0.05681 
-0.03226 

0.03641 
0.07997 
0.13002 
0.18856 
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ALPHA CDEGI 

BASELIE cF?BITER WIQE FEFGEMX 3rmrCtrs 

m -a 0.0 IN.  WIN^ SPN EW - 7e.m FT. 
KPEM ZO - K 315.0 IN. R.A.C. a-39.560 FT. 

CEMER ff GWIM XI - FS 1076.7 IN. UINj aaA SU - mSO.00 



MACH NUMBER = 

~5.~00 
L 

RCE I " T  
-0.08667 -0.10919 -0.11889 
-0.08151 -0.- -0.lILILI2 
-0.07571 - 0 . m  -0.loB14 
-0.06907 -0.08579 -0.10087 
-0.06161 -0.Of670 -0.09047 
-0.04- -0.06R7 -0.07'574 
-0.04074 -0.05066 -0.06013 
-0.02312 -0.02793 -0.03233 
0.0 0.0 0.0 
0.03192 0.03517 0.03809 
0.06512 o . o m 7  0 . o m  
0.10261 O.IlS99 0.12630 
0.14776 0.16355 0.18226 

5 10 15 20 25 30 35 W w 50 
I ALPHA CDEGI 

5~1.000 
H 

-0.13330 
-0.12963 
-0.12298 
-0.11462 
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-0.08707 
-0.06901 
-0 .Om7 
0.0 
0.04068 
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-a. 000 
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15.000 
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5.000 

20.000 25.000 
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25 
DELE COEGl 

( I r l l ( l l l i ( l l l l (  
-50 -25 0 

--tl 
55 

W I G C R A T I O N  

CEMER W GRAVITY XO = FS 1076.7 IN. WIN5 PREA SW = 2690.00 SQ.FT. 
BPSELIN WITER MHICLE m D I K N S I M  

CR ' Yo = EL 0.0 IN. W I N j  SPAN et4 - 78.056 FT. 
RSEFEKE to - K 375.0 IN. M.A.C. M - 3 9 . 5 6 0  FT. 

Bow LEN3TH LB - 1290.3 IN. 

PLRLA 
30.000 

-0.03879 
-0 .0329 
-0.031- 
-0.02826 
-0.02468 
-0.01889 
-0.01309 
-0.006# 
0.0 
0.01372 
0.0276% 
O.cSe3 

~ 

-0. &4rQ 
4.04053 
-0.0?619 
-0.031% 

-0.02107 
-0.01895 
-0. 00769 
0.0 
0.01871 
0.03325 
0.06263 

I -0.02695 

GLG 

-0 .as= 
-0.135176 
-0.04706 
-0.04157 
-0.03663 
-0. o m 0  
-0.01995 
-0.01 105 
0.0 
0.02296 
0.04357 
0.07587 

0.077861 O..lOK3\ 0.11511 
FIGURE 4.1 w 1 
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"I 
-0.07W 
-0.06510 
-0.- 
-0.0539 

-0.03703 
-0.03038 
-0.01761 
0.0 
0.02805 
0.05638 
0.08969 
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-0.ottmg 

-86 
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ALPHA COEGI 

5.000 
10.000 
15.000 
to. noo 

-0 .Orsa  
-0.03393 
-0.02rt87 
-0.01580 
-0.00740 
0.0 ‘ 

0.00557 
0.01011 
o.o1c8r, 
0 .0123  

-0.- 
-0.w02 
-0.” 
-0.02807 
-0.02170 
-0.01+22 
-0.0071 7 
0.0 
O.Ocm9 
0.01017 
0.0101 I 

- 0 . m o  
-0. o m 0  
-4.02BOO 
-0.OZ300 
-0.01900 
-0.0 1200 
-0.00700 
0.0 
0. oosoo 
0 .01000 
0.0 1000 

0.oI.loSl 0.011oc 
FIGURE 4.1.1. 
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0.0 0.0 
0.00938 O.OI?a 
0.01003 0.05555 
0.02975 0.C4as 
o.ores2 o . c m 9  

4.03298 -0.W512 
-0.oszB -0 .mz4  

-0.- -a.a365r 

4 . 0 1 S z  -0.02530 
-0.01293 -0.01352 
0.0 0.0 
0.01553 0.02166 
0.0337 O . W #  
0 . m  0.07362 
O.OWO3 0.1C.37 

-o.cam -0.03547 

-0.0- -0.031~ 

___- 
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ALPHA CDEGI 

CONlGLRATICN 
e s u I t s  WBITER MHICLE F"a D I m s I M  

QMER (w C R A V I ~  xo - FS i om.7  IN. WING PREA su = 2690.00 S Q . ~ .  
OR ' Y O = %  0.0 IN. W I N j S e A N  W=78.056 n. 

"T ZO W 35.0 IN. R.A.C. m=39.560 FT. 
BMY m T H  LE - 1290.3 IN. 

-35.000 
-3cl.000 
-25.000 
-20.000 - 15.000 
-1 0.000 
3 * 000 
0.0 
5.000 

10.000 
15.000 

-0.02796 
-0.oDZ5 
-0.02552 
-0.a2569 
-0. E O 6 6  
-0.0178, 
-0.0- 
0.0 
0.01327 
0.02655 
0.- 

-0.- 
-0.OP45 
-0.02970 
- 0 . m  
-0.02338 
-0.01sf2 
-0.01299 
0.0 
0.01555 
0.53267 
0.05776 

-0.04512 
-0.04245 
-0.039t7 
* . O B  
-0.03142 
-0.02630 
-0.01362 
0.0 
0.02166 
0.04W 
0.07362 

-0.05667 
-0. -7 
-0.044,I 
-0. c45N 
-0.039a 
-0.01325 
-0. 02W7 
0.0 
0.02669 
0.05566 
0.08796 

-0.07331 
-0.07030 
-0. me5 
-0.05BTJ 
-0.05002 
-0.04013 
-0. -0 
0.0 
0.03080 
o.os+ss 
0.10l08 

-0.09063 
-0.m3 
-0.08085 
-0.07292 
-0.061 47 
-0. m765 
- 0 . m 1  

0.0 
0.0396 
0.07197 
0.11281 

-0.1m 
-0.10272 
-0.09472 
-0.08583 
-0.07282 
-0.OE&43 
-0.031 16 
0.0 
0.03602 
0.07662 
0. l a m  

-0.12641 
-0.1 E 2 0  
-0.11672 
-0.10695 

-0. o m  

-0.0343 

0.03708 
0.07965 
0.13395 

20.000 I 0.065491 0.08403I. 0.102971 0 . 1 2 m I  0.14500I O . I E 6 S I  0.17929 
NGIb€ER_DC FIGURE 4.1.1.1A88 
@T€/p,Y=3& . EFFECT OF ELEVON 



MACH NUMBER = 10.000 

-15 -10 -5 0 5 10 IS 
ALPHA CUEGl 

CCWlGLRATiU4 
- 1 s  -1- MHlcLE D [ P € h S I M  
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CU Y o - &  0.0 IN. U I f f i S P N  8 4 - 7 8 . -  n. 

ZD - K m.0 IN. H.A.C. M=39.#G n. 

-10.000 4.01499 -0.01336 6 .01100 -0.00991 + . C O W 9  -0.01179 -0.01485 -0.01991 
3.000 - 0 . m  -0.o" -0.00600 -0.0- -0.06503 -o .oma -0.om9r - 0 . 0 ~  . 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
5.000 0.00459 O . O G W 9  0.00400 0.00712 0.00835 0.01EE5 0.01553 0.42166 
10.000 0.00970 0.00917 0.0OSUO 0.01225 O.O1;p92 O.OZ+Z4 O . O S 7  0.0438 
15.004 0.01UZ 0.01010 0.01000 0.02CE2 0.0- 0.04450 0 . 0 4 7 6  0.07259 
20.000 0.01- 0.01103 0.01000 0.0- 0.04760 0 . m 7  0.08X3 0.10280 
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PLRlA (CEG) 
20.000 25.000 ~ . O O O  35.000 W.OOO 45.000 

0 H I J K L 
REW KRM& F W  I " T  

-0.02950 -0.OWl -0.046Sr -0.05905 -0.07587 -0.09370 -0.1103Z 
-0.02790 -0.03298 -0.W22 -0.05575 -0,07212 -0.08929 -0.10507 
-0.02630 -0.03158 -0.04150 -0.05159 -0 .067S -0.08411 -0.- 
-0.02448 -0.02966 -0.03852 -0.04&9 -0,06319 -0 .om2 -0.09KI 
-0.02265 -0.02m -0.03~~0 -0.0459r -0.0- -0.071s -o.mm 
- 0 . o i m  -0.02oa -0.02866 -0.03583 - 0 . ~ 7 1 8  -0.09917 -0.06- 

- 0 . o m o  -0.0069 -0.009% -0.01491 -0.0198( -0.m54 -0.02930 
-0.01179 -0.01485 -0.01991 -0.OZ627 -0.03483 -0.OIt395 -0.05230 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.012t6 0.01!555 0.02166 0.02M7 0.02928 O . O y 6 8  0.0350rt 
O . O Z W 4  0.0- 0.04K8 0.0389 0.06365 0.07114 0.07589 
0.04950 O . f f i 7 7 6  0.07259 0.08760 0.10106 0.11269 0.12251 
0.06447 0.08393 0.10280 O.IW7 O.IW71 0.16ZtS 0.17871 

MACH NUMBER = -10.000 

50.000 
M 

-0.1- 
-0.12015 
-0.11430 
-0.1m7f 
-0.09718 
-0.07~9 
-0.06008 
-0.03391 
0 . 0  
0.03658 
0.08193 
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0.1SQO 
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ALPHA CDEGI 

CCWICURATION 

QMER OF C R A V I ~  XO = F!S 1076.7 IN. WING aREA 5w - 2690.00 S0.R. 
BASELIN CRBITER MHlcLE EF"E DIEENSIONS 

a? . YO-R 0.0 IN. WINSSPAN B U = 7 8 . O S  FT. 
E!XFfNE Do - K m.0 IN. M.A.C. a-39.560 FT. 

Bow LuJ;TH LE3 - 1290.3 IN. 
~ ~ ~~~ 
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5 . 0 0 0  
0.0  
5.000 

10.000 
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ALPHA CDEGI 

CCNIURATION 
BASELIN WITm MHIaL F f E m c E  O I P l 3 6 1 a v 5  

CEMER OF GRAVITY w = FS 1076.7 [N. WIM PREA su = 25co.ao S Q . ~ .  
OR Yo = EL 0.0 IN. W I N 2  5PAt-4 EU = 78.m FT. 

Lb = K 3j5.0 IN. H.A.C. a4=39.mo Fr. 
Bow - 7 4  LB - 1E90.3 IN. 
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ALPHA K E G 3  

CCNIGUUTICW 

E N E R  a WV1T;Y W = FS 1076.7 IN. UINj M E A  SW = 2690.00 'SJ3.Fr. 
BASnIN CmITER MHIctE IEFEEME OIH3SIcE6 

a? YO = BL 0.0 IN. U I e  SPbN Bw = 78.056 FT. 
FEFGENE 20 = K 375.0 IN. H.A.C. M-39.550 Fr. 

833 L M l H  LB = 1290.3 IN. 

I PLPHA 

I 
#LE C E G )  aEMNNtfwplf 

-40.000 -0.02950l -0.0341 -0 .0464, l  -0.05905 
-3s. 000 
-30 * 000 
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-20.000 
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-5.000 
0.0 
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10.000 
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-0.01675 
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0.04450 

-0.0329 
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-0.02966 
-0.02128 
-0.02083 
-0.01485 
-0.0069 
0.0 
0.01555 
0.03267 
0.05776 

-0.04422 
-0.04 1fO 
-0.03852 
-0. o=o 
-0.0- 
-0.01991 
-0.00996 
0.0 
0.02166 
0.0433 
O.oR59 
0.10280 

4.1.1. 
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-0.05156 
-0.04849 
-0.04y4 
-0.03583 
-0.02627 
-0.01491 
0.0 
0.02567 
0.0!9+69 
4.08760 
0.1W7 

-9 2 

CEG 1 I 
35.000 

J 
RCE Itcm 
-0.07587 
-0.07212 
-0.06758 
-0.06319 
-0.05835 
-0.04718 
-0.OW3 
-o.o196r, 
0.0 
0.02928 
0.06385 
0.10106 
0.14471 

,IT 
. I  

-0.09370 
-0.08929 
-0.0841 1 
-0. o m 2  
-0.071 96 
-0.0591 7 
-0. oGs5 
-0.02454 
0.0 
0.03Za 
0.071 14 
0. I1269 
0 . 1 6 3 6  

- 0 . 1 1 E  
-0.1 US07 
-0.09960 
-0.09251 
-0.- 
-0.06999 
-0.05230 
'0.02930 
0.0 
0.03504 
0.07689 
0.12251 
0.17871 

-0.1- 
-0.120 15 
- 0 . 1  1430 
-0.10574 
-0.09718 
-0.07989 
-0.06008 
-0.03391 

0.03658 
0.08143 

0.1-0 

http://SJ3.Fr
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-s.ooo -0.oom -0.006ia -0.oo600 - O . O ~ S S  -0.00503 -0 .00~40 -0.0- - o . a a s e  
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

10.000 o.oawo o.om~t 0.00soo O.OI= 0 . 0 1 ~  o . a 2 4 ~ +  o . o a 7  o .ovza  
15.000 0.01072 0.01010 0.01000 0.02062 0.03275 0 . M  0.- 0.07259 

5.000 0.OoIISs 0.00909 O.Oar130 0.00712 O.OC835 0.012t6 0.01555 O.C21€6 

L a . o o o  0.0120 0.01103 

-. . -. ..- . 
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-0.059(35 -0.07567 
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DELE CDEGI 25 
-25 0 
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-0.08429 

MACH NUMBER = 20.000 

I t I I 
I I I I 

25 #I s w 45 I 10 15 

ALPHA CDEGI 

CCNIGLRATION 
BASELIN CRBITER MHIUE FIE)1ERENcE OIMNSIONS 

cmrm a GRAVIV w) - FS 1076.7 IN. 

ZO - K 375.0 IN. M.A.C. cu-39.560 FT. 

wffi wm su = ZEIO.OO'SQ.FT. 
w Y O - &  0.0 IN. UINGSppN BW-78.m f7. 

IN. S O Y  LENGTH L9 = 1290.3 

ELE E G )  
-40.000 
-35.000 
-30.000 
-25.000 
-20.000 
-15.000 
-10.000 

* -5.000 
0.0 
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-0.03298 
-0.03159 
-0.02966 
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-0.02083 
-0.01465 
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0.0 
O.Ol555 
0.03267 
0.05776 
0.08393 
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-0. ow22 
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-0.03650 
-0.02866 
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0 . 1 ~ 0  

4 . 1 . 1 ,  

-0.05159 
-0.04849 

-0.01491 

0.02507 
0.05489 
0.08760 

-9 4 

-0.06758 
-0.063 19 
-0.05835 
-0.04718 
-0.09183 
-0.019Br 
0.0 
0.02928 
0.06385 
0.10106 
0.14471 

-0.0841 1 
-0 . o m  
-0.071 96 
-0.05917 
-0.04395 
-0.02459 
0.0 
0.0- 
0.071 19 

1 0.16246 
' 0.11269 

~ 

-0.1 I032 
-0.10507 
-0.09960 
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0.0 
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CONIGWATION 

QMER OF GRAVITY XO - FS 1075.7 IN. UING E A  SJ 2690.00 SQ.FT. 
BnsnllrE a a I T E R  M H l u E  EFEREKE DIMFSIONS 

aR YQ = EL 0.0 IN. WINS SPPN Bu - 78.056 FT. 
nDMM WEFIPICE ZO - K 375.0 IN. M.A.C. cu-39.560 n. 

Bow W T H  !A - 1290.3 IN. , 

0. oao - - 25 
DELE (DEGI 

-25 0 

-0.05159 

-0.03583 

0.02507 
0.05489 
0.08760 

-0.06758 -0.awll 
-0.06319 - 0 . o m  
-0.05635 -0.071% 
-0.09718 -0.05917 
-0.0383 -0.04395 
-0.019Bt -o.ms, 
0.0 0.0 
0.02928 0.03268 
0.06385 0.07119 
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0.14Lt71 0.162Ct6 

-0.09960 -0. I I430 
-0.09251 -0.10574 
-0. me9 -0.09718 
-0.06998 -0.0- 
-0.05230 -0.06008 
-0.Dt9M -0.03391 
0.0 0.0 
O . O 3 ! m  0.03658 
0 . 0 m  0.08143 
0.12251 0.13204 
0.17a-71 O.lsS+o 



. .. 

SWA (#G) 
a.000 a a o o  w.000 1 ~5.000 I w.000 1 %.a00 1 50.000 

A 8 
,ELE (EG) 

-ro.ow 
-=.m 



, .  
I . . . . - . -. . . . . . . .  . . .. -. .- ... . _ -  - 

r- . '\,. ' 

I f '  

I 

0 0.5 , 1.0 1.5 t . 0  z.5 3.0 3.5 9.0 

MACH NUMBER 
CONIGLRATIOJ 

EFERacE D I K N S I M  BaEELIN -ITER "-E 
"a CF LSAVITI w - FS 1076.7 IN. WIS MEA S.J - 2590.00 SO.FT. 

Qz 1 Yo R 0.0 IN. U i S  SPW EM = 78.058 Ff. m - K 375.0 IN. H.A.C. w=39.560 fr.. 
LFNjTw 18 - 1-0.3 I N. 

. . ... . . .. ,. 

!=+SF 
0 . W  
0.600 
0.800 
0.- 
0.m 
0.980 
I .050 
I .  loa 
I .a 
I .300 
I .m 

. _., 2.000 
3.000 
9.000 
so00 
8.000 

10.000 
15.000 
A 

0.60000 
0.w000 
0.65000 
0.73000 
0. m o o  
0. m o o  
0.78000 
0 . m o  
0.75000 
0.70000 
0.63000 
0.60000 
0.60000 
0 .wooo 
0.60000 
0 .woo0 
0.60000 
0 .moo0 
2L" 

I 

0.60000 
0. 58000 
0. no00  
0.58000 
0.59om 
0.61 000 
0.52000 
0 .a000 
0.62000 
0.60000 
0.60000 
0. woo0 
0 .SO000 
0 . M O O 0  
0.60000 
0.6oow 
0.60000 

NOTE: In tho e.01 p.rtIal 
span faceors are 
r q u i r d  uhich u c e d  
tho q l v m  l i m i t s ,  tho 
Aom Data U n i c  a t  - 
-11 Intematlon'l  
should ba cbnracted 
b f o ~ f .  urtrapolatlon 
of tho given data. 

- -  
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. .  
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COrFIGWATIOJ 

ENTER OF GRAVlTf #) - EI 1076.7 IN. WINi 43% 94 = m . 0 0  S0.R. 
BcgIIFE -ITER MHICLE FEFEEME DImGlCN5 

aR m - a  0.0 IN. UINGSPPN &I= 78.056 FT. 
ZU K m.0 IN. fl.A.C. c4 s.560 FT. 

L 8a3v W l M  W - 1290.3 IN. 



. . . .. . . -. .. - - . .. . ~ . . -. . -. . . . . . . - . . . .  .. . .- 

PLPHA ( E G )  
10.000 15.000 20.000 25.000 ' 

E F G H 

UP MFWPL FCRCE INCREMM 
-0.03187 -0.03180 -0.03109 -0.03005 -0.02893 
-0.01372 -0.01576 -0.Ot36S -0.013% -0.01312 

0.01382 0.01396 0.01409 0.01426 0.011rll 
0.- 0.02812 0.- O.OZ938 0.02927 

0.0 0.0 0.0 0.0 0.0 

0 . m ~  0 . 0 4 6 ~ 3  0.04815 0.05017 0.05047 
0.07770 0 . o m  0.07119 0.07762 0.07861 

MACH NUMBER = 0.400 t5 
DELBF COEGI -a 0 

ALPHA CDEGI 

CONIGLRATION 
BnSELIN ORBITER MHICLE EFERBSE DIKEGIoN5 

c" CF GRAVITV m = FS 1076.7 IN. WING PREA ar = 2690.00 SQ.FT. 

M"T FEFERENCE 20 = K 375.0 IN. M.A.C. M=39.560 Fr. 
OR YO = BL 0.0 IN. UIM SPPN 6U = 78.056 FT. 

BOOY LENGTH LB = It90.3 IN. 

DaeF ( E G )  
- I  1.700 
-5.000 

5.000 
10.000 
16.3W 
22.500 

-10.000 
A 

-0.0307 
-0.0143 

0.0 
0.0139 
o.oz6s2 
0.04392 
0. o m 0  

-5.000 I 0.0 
B I  C 

Boon 
-0.03291 -0.03220 
-0.01398 -0.01519 

0.01382 0.01380 
0.02Zz o.ot751 
0 . W 7 l  0.04YO 1 0.078oL 0.07780 



MACH NUMBER = 0.600 

CmS ( E G )  

CELGF (DEGI -a 0 

PLRU CEGb 
-1o.Ooo -5.000 0.0 5.000 10.000 lS.000 Nl.000 E5.000 

A E C 0 E F G H 

-15 -10 a 5 10 15 a 
ALPHA CDEGI 

-0.022050 
-0.0105B 
0.0 
0.01525 
0.03201 
0.- 
0 . m  

-0.- -0.32361 -0. lX33 
-0.011 It -0.01 1W -0.01 171 
0.0 0.0 0.0 
0.OllrsS 0.01353 0.01r58 
0.03Ou o.oZs25 0.03068 
0.05111 0.135112 0.C518L 
0.07182 0.07kEh 0.07345 

-51.000 -0.0107a 

5.000 0.0155Q 
10.000 0.03210 
16.300 0.05318 1 I:! ,I,,. 

-0.02661 
-0.01253 
0.0 
0.01Wl 
0.03133 
Q.OS37 
0..c7591 

-o.oaa -o.oiseo 
-0.01326 -0.01395 
0.0 0.0 
0.01589 0.01529 
0.03316 0.03Z6 
0 . m  0.0909 
0.0- 0.0BKI 



... . - . . . ._ 

pLR(A ( E G )  
-10.000 5.000 0.0 5.000 10.000 15.000 20.000 25.000. 

C 0 E F G H A 0 
C Q S  (DE01 B O O W  NCfU-WL FCRCE 1- 

-11.700 -0.Ot63 -0.02551 -0.02530 -0.02784 -0.02783 -0.02522 -0.0303 -0.03051 
+.ooa -o .omo  -0.oit20 - 0 . 0 1 2 ~  -0.01- - O . O I Y I  - 0 . 0 1 ~ 2  - 0 . 0 1 ~  -O.OIW 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
5.000 0.01502 0.OIyB 0.01515 O.OI4Bl 0.01562 O.Ot687 0.01817 0.01917 

10.000 0.03135 0.03176 0.03139 0.03116 0.03313 0.03596 0.03835 0.04059 
16.300 0.05231 0.05273 0.05215 O.ouo8 0 . 0 m  0.06128 0.06485 0.0- 

1 22.500 0.07336 . 0.07358 0.07291 0.07592 0.081Q2 0.087Lt3 0.09193 , 0.09702 

,_.- 

MACH NUMBER = 0.800 
OELBF CDEGI ~ 

-25 0 

ALPHA CDEGI 

CONIGURATIC(J 
BASELIN CGSITER M H I a E  EFEFmcf DIPENSICNS 

c" OF  VIM m - FS 1076.7 IN. UING PREA 9.1 = 2690.00 SO.FT. 
OR Y O - B L  0.0 IN. WINGSPPN B w -  78.056 n. 

lla" EFEREKE 20 - K 375.0 IN. fl.A.C. CU-39.560 FT. 

WTW L M T H  LB - 1290.3 IN. 





.,... .. 

.-- - 

L - ALPHA CDEGI 

C w I G l R A T I o N  

C€"U? CF W V l *  X I  - FS 1076.7 IN. W I f f i  Ni€A Scc = 2690.00 '3.m. 
BASnIN ORBITER MHIaL EFEFEKE DIKNSIONS 

(rz YO = BL 0.0 IN. WING SPAN Bw = 78.0'56 FT. 

6COY L m T H  LB = 1296.3 IN. 
Zo - K 375.0 IN. M.A.C. M=39.560 Fr. 

-10.000 I 4 . 0 0 0  I 0.0 I 5.000 

-0.02506 -0.oto72 -0.01660 
-0.01193 -0.01036 -0.00831 
0.0 0.0 0.0 
0.01516 0.01WO O . O l I ' l 3  
0.03121 0.02963 0.0tm 
0.0519, 0.0499r 0.03965 
0.07171 0.06906 0.05581 

X G  
10.000 15.000 20.000 

E F G 

XCE I t C R E E N l  
-0.01627 -0 .01W -0.W60 - 0 . m  
-0.m820 -0.00959 -0.01139 - 0 . 0 1 m  

0.0 0.0 0.0 0.0 

0.0228', 0.02406 0.02598 o.ot761 
0.01059 0.01 I19 0.0135 0 . 0 1 3 0  

0.03961 0.04352 O.OLt61Lt 0.a4851 
0.051148 0.0667'3 0.0714t 0.0702 

-- 
- SD72-SH-0060-1L' 

.- 
- ._I-.- . 



-0.oc921 
0.0 
O.OlCz5 
0.62159 
0.03806 
0.65715 



.................. --- 

I - 

10.000 15.000 
E F 

- 
CXWIGLRATION 

awm mraE E F E w c E  O I E N S I W S  
CPsIER OF CRAVlft XO - FS 1076.7 IN. W I N G  PREA 9.4 = t690.00 S2.n. 

OR VU = a 0.0 IN. WING SPAN 8 4  - 78.056 FT. 
K)FENT WERENX ZO = K 375.0 IN. M.A.C. CU-39.560 n. 

. 8cm LDJGTW LB = 1290.3 IN. 

20.000 25.000 
G H 

#LBF (#GI 
-1  1 .no 
5 .000  
0.0 
5.000 

10.000 
16.300 
22.320 

pLR(A 

-10.000 I -5.000 I 0.0 I 5.000 
A i  e l  C I  0 

e c o w L A p m  

-0.014221 -0.019761 -0.01613 I -0.01709 -0.02194 
-0. o m  
0.0 
0.01023 
0.021 15 
0.03585 
0.05126 

-0.02337 
-0.0 1031 

0.05513 

S D 7 2 -S H -0 C 6 0 -- 1 L 

............ ... -. -. . -. . - - . . . . .  



. . . . . . 

. .-. . . . -. 
~ __ ._ 

.- . 

i 
i . ,  

1 
a .  

. .  - 

. .. - 

- 

, 

- -  

MACH W B G !  = 1.100 a DELBF CCEGI 
0 

A t P H A  CDEGI 
0 CONIGUUTION 

-It€ WIER W I a E  EFumJz O l m - s I ~  
C f  CRAVlIy = FS 1076.7 IN. UlNj KEA 9 4  = 2690.00 S0.FT. 
m Y o - &  0.0 IN. UIMSPPN aC = 78.056 FT. 
EFEROCE 20 = K 375.0 IN. H.A.C. 0(=39.560 R. 

KUf W T H  LB = 1m.3 IN. 

-1o.OO0 I -5.000 I 0.0 
F I G I H 

LPP FCRCE fN#MM - 
4.01705 -0.022040 -0.01908 -0.01901 -0.01996 
-0.008810 -0.009*3 -0.0- -0.0- -0.00882 
0.0 0.0 0.0 0.0 0.0 
0 .0099 0.01120 0.0099 0.00957 0.00985 
0.4tOlS 0.023w 0.0193 0 . 0 1 B  O . c Z O 1 ~  
0.034- 0.0- 0.0547 0.0- 0.0349 
0.a5051 0.09784. 0.04363 O . & € S  0.04983 

l -  

i -  



.- . . . -. . -  

........ ... .. - .  - ...... -. . 

1 

..... 
. -  .. 
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MACH NUMBER = 1.200 
DELBF 0 CDEGI 

-15 -io -5 0 5 .  10 15 

ALPHA CDEGl 

CONIaRATI(T( 
BaSaIN WITm MHICLE 
CF GRAVITY XO - FS 1076.7 IN. W l f f i  PREA 9J = EWO.00 SQ.FT. 

EEFfFC? ZD K m.0 IN. H.A.C. 
Y O - E l  0.0 IN. HIffiSPAN EU- 78.056 FT. 

K O Y  W T H  LB * 1290.3 IN. 

25 30 

CaeF ( E G )  
- I  I .700 
-5.000 

5.000 
10.000 
16.300 
P . 5 0 0  

-1 0.000 
A 

-0.00892 
-0.00503 
0.0 
0.00790 
0.01716 
0.02902 
0.04078 

-5.000 
8 

-0.0101 1 
-0.00950 
0.0 
0.00872 
0.01819 
0.03020 
0.04217 

I b h A  (MG) - 
5.000 15.000 20.000 25.000. 0.0 10.000 

C 0 E F G H 

BcovFLpp NXWL FOACE 1 " T  
-0.01352 -0.01503 -0.01125 -0.01209 -0.01129 -0.00906 
-0.00558 -0 .0076 -0.OOSt3 -0.00622 -0.00598 -0.00533 
0.0 0.0 0.0 0.0 0.0 0.0 
0.00775 0.00368 0.01006 0.008Y O.Ooe3 0.00831 
0.01669 0.02060 0.02199 0.01875 0.0189, 0.01851 
0.02986 0 . 0 3 9 l  0.03780 0.03120 0.03190 O.O3i'+3 
0.W500 0.0499, 0.05409 O.Orl€3. 0.04435 0.09729 

-4-.-T. -1;-1=1 1 3- 



. .  

I 
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.. ~ 
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.- . 

- -  ..- -- . - -  
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MACH NUMBER = 1.500 25 
DELBF oCDEGI - -25 

.IO 

.W 

.06 

.04 

5 
!A .02 

.o 

-.Oz 

-.m 
25 -15 -10 -5 0 5 10 15 

, 
ALPHA COEGI 

E L F  C € G I  
-1 1.700 
-5.000. 

5.000 
10.000 
16.300 
22.500 

CCWIGLRATION 

CEEmR OF GFfAVITY )cx) = FS 1076.7 IN. WIN3 bJX.4 9 4  - 2640.00 5Q.m. 
CR W - B L  0.0 IN. WINc,SPpN W - 78.056 FT. 

H3S" FEF- ZD - K 375.0 IN. H.A.C. cu - 39.560 FT. 
"f LmTH LE * 1290.3 IN. 

BPSELIN ORBITER KHICLE FfFERmx D I m I o E G  

&RIA  ( E G )  
-lO.OOO~ -5.000 1 0.0 I 5.000 I 10.000 I 15.000 I 20.000 I 25.000 

-0.01 002 
-0.00956 
0.0 
o.oo52e 
0.01103 
0.01m 
0.023b3 

- o . o I ~ I  --o.oIo~~T--O.O~S~~ I -0.01057 I -0.01300 
-0.00488 
0.0 
o.ooE68 
0.01 192 
0.019m 
O . O * Y  

- 0 . 0 0 ~  -0.0050(( -0.00560 -0.oaw6 
0.0 1 0 . 0  1 0 . 0  1 0 . 0  
0.00MFI 0.007W 0.00838 0.00893 
0 . 0 1 m  0.01m 0.0186t 0.01889 
0.02077 o.oz62a 0.029K 0.03033 
0.02633 0.03106 0.03383 0.03838 

-0.01383 -0.01330 
-0.00#5 -0.00699 

0.00955 0.01055 
0.01995 0.02257 
0.03217 0.0- 1 0.[14120 0.04632 

FIGURE 4. ?. 1 .  I-?fO _ _ _  - 

cb 
, EFFECT OF BOO'? FLAP 



HAW NUMBER = 2.000 E 5  
DELBF CCEGI 

-25 0 
I l l l l l l l l l f  

ALPHA CDEGI 

CPFIURATICN 

CPmR CF GRAVITY XO - FS 1076.7 IN. W I N j  PaA o( - 25so.00 sQ.FT. BASLIN WIEa W I C L E  FEFEFaE OlKNSIas 

OR W - R 0.0 IN. W I N  SPAN 6u - i8.056 Fi. 
EFEENX ZU - Y m.0 IN. R.A.C. a- 39.560 FT. 

BMV LENXI4 L9 - 12S0.3 IN. 

15.000 I 20.000 I a.000 I w.000 - 
-0.01213 I - 0 . O I W  I -0.0145e5 1 -0.019rl 



MACH NUMBER = 3.000 

PLPclA (CEGJ 
-10.000 -5.000 0.0 5.000 10.000 15.000 20.000 

A B C 0 E F G 

-25 OELBF 0 (DEGI 25 
I I I 1 1 . 1  

+ 

ALPHA COEGI 

ELBF (#GI 
-1  1.700 

CCWIGCRATICN 
=IN ORBITER MHraE RmRDJcE O I ~ I C c 6  
Cf GRAVIfy XO - FS 1076.7 IN. WING MEA SU - 2690.00 SQ.FF. 

YU-R 0.0 IN. UIMSPAN BJ- 78.056 FT. 
20 = K 375.0 IN. M.A.C. M=?B.560 FT. 1 Booy LUJGTH LE = 1290.3 IN. 

AP KRlPL FCrm I " T  
-0.00049 - 0 . o o m  I 6.00500 I -0.00653 I -0.00656 -0.00175 

-0.00097 
0.0 
0.00135 
0.00302 
0.005Yt 
0.008c4 

Ban? 
-0. oot22 
-0.00 liir 
0.0 
0.00169 
0.00381 
0.00707 

. 0.01089 

-0.00 191 
0.0 
0.00265 
0.00557 
0.00931 
O . O l M 6  

-0.01110 
-o.oosp, 

0.00652 
0.01385 
0.02361 II 0.03371 

FIGURE 4 . 1 . 1 . 1 - 1 1 2  

. .  . . . . . . . . -- .. . . . - . ,  . _ _  ----_ - 
~ . . . .  1 . .  ;. . .~ , . - -  ~. . .. . . .  .. .~ . - . -  .. ,.,- ~ 



- . . . -  

W ( E G I  
-1 1.700 

. . 5.000 
10.000 
16.300 
t2 .500 

O.OC4% 0.0[1267 0.0- 0.008GS 0.01029 0.01213 0.0156 
0.00988 o.oiim O.OI= o.01707 o.czii3 o.bcwa 0.- 
0 . 0 1 ~  o.ois+ht o . m i  0.0288 o . o x a  o.o4ato 0 . m x . z  
0.02121 O.Om9 0.03T71 0.04116 0.04-3 0.13E 0.06152 

-u- 



. . -.. - . . . .  __ -. . .. . ..  . .... - 

MACH NUMBER = 4.000 
-25 DELBF 0 CDEGI 25 

25 30 

ALPHA CDEGI 

W I G W A T I ( T J  
BASELIN CRBITER MHIctE R"a D I P € S I O N S  

QMR OF GRAVIT'Y m = FS 1076.7 IN. WING PREA sw = t690.00 SQ.FT. 

M3"T ZO = K 375.0 IN. M.A.C. cu-39.560 FT. 
aR Yo = a 0.0 IN. WING SPPN Bu = 78.056 FT. 

Bow LoJ3TH LB - 1290.3 IN. 

SD 72 -S H-O 3 6 2  - 1 S 

. .  . .  ... . . - ... . . . . . . . . - . . . I -. . . __ . . . -. . _. . ,. . . .- . . ,. 



I 

-0.OOSS6 
-0.0036., 
0.0 

I . .  ..J 

-0.Om7 4.01103 -0.01457 4.018% -0.02361 
-0.00492 -0.00639 -0.OOi55 -0.00563 -0.01167 
0.0 0.0 0.0 0.0 0.0 

I 

0.00549 
0.01221 
O.Ot141 

- . -- ..-. - _. -. _ _  . - 

0.0- 0.01102 O.Olt30 0.0131 0.01505 
0.01779 0.02N6 0,025s O.LKst0 0.03a1 
0.- O . O B 1 9  0." 0.04900 0.05455 

PLRIA ( E G I  
i s . m  2o.ooo rs.oooI 30.000 I zs.aoo 40.000 1 45.000 
c - 

, 0.03119 o.drria3 o.asit7 

r 

o . c = m  0.0- 0.0742 

-0.00456 
-o.o(1ss8 
0.0 
0.00455 
0.00976 
0.01641 
O.otM5 - 



..... _. ~- 

. . . . . . .  ..... --. -- ... 
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MACH NUMBER = 5.000 
25 

DELBF CDEGI 
-# 0 

ALPHA CDEGI 

BASELIN wrm M H I ~  F E E E K E  0II.ENsIWs 
CENTER ff CRAVlT'f XO - FS 1076.7 IN. WING PREA 9 - 2590.00 SQ.FT. 

YO = EL 0:O IN. U I a  SPPN W = 78.656 FT. 
MCH3JT EFEROCE ZO - K m . 0  IN. E1.A.C. M - 3 9 . 5 6 0  FT. 

C 
' -10.000 5.000 0.0 

A 8 C 
ELBF (#GI . m 

-11.700 0.0 -0.00069 4.00140 
5.000 0.0 -0.00019 -0.00051 
0.0 0.0 0.0 0.0 
5.000 0.0 -0.00010 o.ooo2e 
10.000 0.0 -0.0003a 0.00039 
16.3110 0.0 -O.OOO# 0. OOOM 
22.500 0.0  -0.00039 . 0.00140 

PlRlA 
5.000 

D 
pPNc(F.w, 

-O.O021L( 
-0.00 108 
0.0 

* 0.00148 
0.00~1 
0.00513 
0 .  o a m  

3 G l  
10.000 
E 

ORCE 1KP.E 
-0. o @ Z s  
-0.00 170 
0.0 
0.ooEZs 
0.00621 
0.00996 
0.01299 

15.000 20.000 25.000 
F G H 

-0.OoLt60 
-0.00259 
0.0 
0.0mEt 
0.00896 
O.Ol r rB7  
0.02067 

30 

______  - - 
4.1.1.1-121 

. -  S D 7.2 -S H -0 C 6 3 - 1; 
. .  . -. . - ......... - . . . . . . .  

. . . . . . . . . . . . . . . . . . .  . ,_ ~ , - - -  i.. . . . . . . . . .  -.--_- . .  . . .~ . . . . . .  , . .  



. .  

-- 

I .  

40.000 
K 

B 
8 

45.000 50.000 
L n 

ALPHA CDEGl 

W I O L R A T I C N  

CEMER aF GRAViM W - Ff 1076.7 IN. UING & E A  SrJ - 2690.00 %.R. 
m 1 N E  CFZeITER KHICLE RmBM: OlEhSIcte 

f"7 EEEKE 20 - K 375.0 IN. H.A.C. a-39.560 n. 
OR YO-R 0.0 IN. U I N j s p p H  Bu - 78.- R. 

Bmv LEFCTH L9 - 1290.3 IN. . .  

-0.OlerO 
-O.U0*8 
0.0 
0.01259 

O.@+TO 
0.- 

-072% 

s . aoo 
J 

CRE Im 
-0.013Sz 
-0.00765 
0.0 
0.01 1 3  
0.62511 
0.- 
0.05RO 

-u.ot3ti9 - 0 . O z e  
-0.01161 -0.01407 
0.0 0.0 
0.01469 0.01725 

0.05329 0 . W 7  
0.08030 

0 .0319  0.035- 



25 
OELBF COEGI - -25 0 MACH NUMBER = 8.000 

.IO 

.oa 

.06 

.ot 
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-15 -10 -5 0 5 10 1s 20 
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ALPHA COEGI 

-0.00082 '-0.001'10 --0.00201 -0.0- -0.00382 
-0.OOOtO -0.OOM -0.00093 -0.G0148 -0.00225 

-0.OOOt6 O.OQ015 0.00110 0.0023 0.00388 
-0.00056 0.00012 0.00238 0.0054, 0.00855 
-0.00091 0.0 0.00379 0.00841 0.01368 

0.0 0.0 0.0 0.0 0.0 
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- I  I .700 
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-0.00531 6.00718 
-0.00315 -0.00431 
0.0 0.0 
0.00552 0.00761 

0.01946 0.02690 
0.0!193 0.01540 

o.ot617 a . o x s t  

#WIGLRATICN 
BASELIN CmfTER M H I U  WEEICE DIPENSIc(6 

c" OF GRAVITY xo - FS 1076.7 IN. urffi PREA su - ai90.00 sari. 
a? Yo - EL 0.0 IN. W I N G  SPPN &I - 79.056 FT. 

MafM 20 - K 375.0 IN. M.A.C. M-39.560 FT. 
BCOY LDJtTH LB - 1290.3 IN. 

-1o;ooo 
A 

-0.00030 
-0.000 10 
0.0 
0.00007 
0.00009 

. 0.00003 
-0. oao 18 

PlRla (#GI 
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FlACH NUMBER = 8.000 a OELBF COEGI -a 0 

aLBF ( E G )  
- 1 1  .no 

5.000 
10.000 
16.300 
22.500 

ALPHA COEGI 

BASELIN cmrm MHIQE EFEFEKE O I K i 6 I ( r ( S  
QMER a m v ~ n  w - FS 1076.7 IN. UIM PBA su - -.a0 s0.n. 

KKM 20 - K m.0 IN. M.A.C. cw=a.m Fr. 
W * E L  0.0 IN. U I M 9 . W  W-78.056 FT. 

- 
FIGURE 4 . 1 . 1 . 1 - 1 1 9  
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PlPHA (DIG) 
-10.000 -5.000 0.0 5.000 10.000 15.000 20.000 25.000~ 

A 8 C 0 E F 0 H 
,DELEF (DE01 B C O W  Mw.(pL F W  INcRu.EM 

-11.700 0.0 -0.00067 -0.00130 -0.00186 -0.00247 -0.OOSO -0.00510 -0.00697 
45.000 0.0 -0.00015 -0.00042 -0.00087 -0.00141 -0.00218 -0.00310 -0.00421 

5.000 0.0 -0.00022 0.0 0.00107 O . O w 7  0.00378 0.00554 0.00756 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

10.000 0.0 -0.00062 0.0 0.00233 0.00527 0.00651 0.01200 0.01587 
16.300 0.0 -0.ooogr 0.0 0.00371 0.0083 0.0133 0.01966 0.026K 
22.500 0.0 -0.00097 0.0 0.003% 0.00916 0.01751 0.02660 0.03717 
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1s.000 a.000 25.000 3o.coo ~ . O O O  ~ 0 . 0 0 0  
F 0 H I J K 

MACH NUMEEii = 10.000 

s5.000 3 . 0 0 0  
L n 

- I  1 .m 
-s . 000 
5.000 

16.300 
22.500 

io.oao 

-0.oQBJ7 
-O.OmZf 
0.0 
0.00756 
0.01587 

0.03717 
0.- 

C C N I W T I O N  
BSLIN WIEa MH1a.E "EKE O I f - a S I M  

CEMER CF ~ V I W  m - FS 1076.7 IN. urNj AREA su - 2590.00 SQ.FT. 
CR M - R  0.0 IN. U I N i S P A N  Bu - 78.056 FT. 

P#fNT x )  - K 375.0 IN. M.A.C. a-39.560 n. 
KOY LENjTH LE - 1.30.3 IN. 

-0.om9 4.01358 
4.00556 -0.00739 
0.0 0.0 
0.0091FB 0.011tO 
0.01992 0.0.333 

0 . 0 4 7 1  0.05559 
0.0- o.mm 

-0.0183t 
-0.OG339 
0.0 
0.01303 
0.02821 
0.04678 
0 . 0 ~ ~ ~ 7  

-0.0233 -0.02302 
-0.011~1 -0 .015q 
0.0 0.0 
0.01505 0.01771 
0.03199 0.C353 
0.05197 0.0'5551 
0.a- 0.01~3 

FIGURE 



MACH NUMGER = 15.000 E5 
DELBF CDEGI -a 0 

-IS -10 -5 0 5 10 15 
I 

ALPHA CDEGI 

BASaIN -ITER M H I U  FEFEROUCE D I P E S I O N S  
CENTER CF CRAVITY XO = FS 1076.7 IN. WING PREA 9 4  = 2690.00 s0.n. 

YO = EL 0.0 IN. WINj SPPN Bc1 - 78.056 FT. 
IEFCEbKf ZO = K m.0 IN. H.A.C. aC=39.560 Fr. 

-10 .ow 5.000 0.0 
. A  B C 

E L F  1KG) Boon 
-11.700 0.0 -0.00067 -0.00130 
4 .000  0.0 -0.000 15 -0.OOQ42 
0.0 0.0 0.0 0.0 . 
5.000 0.0 -a.ooozz 0.0 

10.000 0.0 -0.00062 0.0 
16.300 0.0 -0.0009, 0.0 
22.500 0.0 - 0 . o o m  0.0 

PLFWA (DEG) 
5.000 10.000 l5.000 20.000 25.000 

D E F 0 H 

-0.00697 
-0.00421 
0.0 
0.00756 
0.01587 
0.0.352 
0.03717 
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MACH NUMBER = 20.000 25 
DELBF CDEGI 

-25 0 

I,.,, 

ALPHA CEGI 

CONIGWATION 

QFmR CF CRAVlM XO - FS 1076.7 IN. WING AREA 3-4 = 2690.00 SQ.FT. 

tY3SNl ZO = K 375.0 IN. H.A.C. 

eASnIN CRBITER MHIaE EFEEfCE DIMNSICM 

YO = 0.0 IN. WINGSPPN EM - 78.056 FT. 
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MI=-!" FIGURE 4 .1 .1 .1 -126  
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Landing Gear Down 
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ALPHA CCEGI 

CONIGRATICN 

QMR CF GiuVIlY W = F5 1416.7 IN. UIM AR€A $44 = 2500..00 5Q.R. 
BASaIEE WITER MHIQE - 01mS1m 
a? yo - BL 0.0 IN. UINi SPbN 8u - 78.056 Fr. 
FSGEK'E ZU - K 315.0 IN. tl.A.C. c . ( = 3 9 . # 0  f r .  
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ALPHA CDEGI 

BASELIN WITER WIaL "i O I m 6 I C M  
QMER CF QZAVIM )(o - FS 1076.7 IN. WINj K € A  aC = 1390.00 SQ.FT. 

W -EL 0.0 IN. WINj SPAN Bu- 78.056 FT. 
KKNT FSREKE ZO - K 375.0 IN. H.A.C. a-39.560 n. 

PLPHA 
-1O.OOO -5.000 . 0.0 5.000 

A B C 0 
HX+lT/fpAN G R O I N  EFFECT BF 

0.- 0.01818 0.01836 0.01841 0.0183 
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0.100 o.oon3 0.00780 0.00782 0.00779 
0.m 0.00363 0.00368 0.00368 0 . o o m  
0.300 0.00169 0.00191 0.00191 0.00190 
0.500 0.00082 0.00083 0.00083 0.00083 
1.000 0.00022 o.oou2z o.ooot2 0.00022 
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K E G 1  
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MIMR---_- FIGURE ~ 4 .  I .  I .  1 - 1 40 
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ALPHA CDEGI 

* I W / 9 b N  
0.025 
0.0% 
0.100 
0.200 
0.300 
O.%O 
1 .ouo 
1 .xo 

CONIaRAfICF( 

OMER S OUVITY W - FS 1076.7 IN. W I E G  AREh SU - 2630.00 S0.R. 
W I N  wrm ‘rDIIQE “CE 01m1CM 
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ZO K 575.0 IN. H.A.C. CU-39.560 n. 
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E----- GRCtrNO EFFECT BCGY FLAP NORMAL FCRCE CUEFF’. INC27EMENT 
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Rockwell e Systems Group lntematlonal 

5.000 - DELBF CDEGI - 

ALPHA CDEGI 

I CONIGLRATIW 
-1rE CmITER m1UE EFEENX D I E S I U S  

mm OF GRAVITY w - FS 1m.7 IN. u x s  AREA sw - zmo.oo S Q . ~ .  
OR W - R  0.0 IN. UINiSPAN &I-78.056 FT. 
FEFUOCE 2'0 - K 375.0 IN. M.A.C. CU-39.560 Fr. 

Bow LEKiTH LB - 1290.3 IN. 

€IcMT/SPpN 
0.025 0.04520 
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0.100 0.01921 
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0.300 0.00470 
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Space Spioms cimup lntematlonal 
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F E C T  8F 
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0.00090 
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FIGURE 4.1.1.1- 146 
NORt?AL FORCE SURFACE IMP~NGEMENT.DOWN-FIRIffi 
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FIGURE .4.1.1.1-1&7 GI- 
LE NCIRMAL FORCE SURFACE IMP!NBEMENT.SICE-FIRING 
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BASELIN: ORBITER M H I U  m OIFENSI(T(s 
CEMER OF GRAVITY XO - FS 1076.7 IN. UING bElEA SW = 2590.00 a.m. 

u? YU=R 0.0 IN. UIN39PN El-78.057 n. 
FSGfKE to - K 375.0 IN. fl.A.C. a-3.568 n. 

I BMY LD.c;THLB = 1290.3 IN. , 

0 
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NiINER FIGURE 4.1. I. 1-743- 
)ATE ELEVON NORMAL FaRCE SURFACE IMPINGEMENT*OBWN-FIRING 
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ALPHA CDEGI 

+moss flow rate A,*= 1 f t Z  
vl= u i r  v*&ty 
a =  n u m b  of ?hrurtors 

Sd= 2690 fr' 

Intorpolate for a'a nor 
h w m  df- calculation 
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lnrmrpoloro for U’I nor 
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FIGURE 4.1.1.1454 
REVaN NCRMAL FORCE JET INTEF!ACTION*DUWN-FIRING 
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Interpolare for a's not 
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x .  4.1.1.2 A X I A L  F O R C E  COEFFICIENT. The Orb i te r  Vehic le aerodynamic 

_ _  - a x i a l  f o rce  c o e f f i c i e n t  i s  def ined i n  t h i s  section. The basic  
aerodynamic a x i a l  f o rce  c o e f f i c i e n t  data a r c  presented in three 
forms: 1) as a funct ion.  
o f  speedbrake, angle of a t tack  
and Mach number from M = 0.25 
through M = 20; 2) as a func t i on  
o f  angle o f  a t tack  and fhe viscous 
i n t e r a c t  ion parameter (vA) from 
0.005 (equivalent t o  H - 13.6) 
through 0.08 (equiva lent  t o  300,000 feet of  a l t i t u d e ) ;  and 3 )  as 
a func t i on  o f  angle o f  a t tack  and a l t i t u d e  from 300,000 feet  t o  
600,000 feet. O r b i t a l  aerodynamic c h a r a c t e r i s t i c s  are included 
i n  Appendix C. RCS j e t  thrust ,  t h r u s t  impingement, and f l o w  f i e l d  
changes due t o  j e t  plumes are a lso included i n  t h i s  sec t i on  
[4 .1 .1 .2 [ .  u n c e r t a i n t i e s  associated w i t h  the a x i a l  force charac- 
t e r i s t i c s  a re  a v a i l a b l e  i n  Section 6.0. 

G. 
' _ I  

The RCS f law f i e l d  i n t e r a c t i o n  data are presented as a . con t r i bu t i on  
to  the a x i a l  f o rce  (A) ra the r  than the c o e f f i c i e n t  (CA) s ince the 
terms due t o  j e t  t h r u s t  and impingement are independent o f  dynamic 
pressure and cannot, therefore, be .normal i r e d  i n  the conventional 
manner. CAUTlON should be observed when apply ing these terms I n  t he  
f l f g h t  regime where the RCS i s  used i n  conJunction w i c h  t h e  aerody- 
namic fo rce  ( d f .  Section 3.6); i.e., the aerodynamLc c o e f f i c i e n t  must 
be converted t o  a dimensional force bsfozw adding the RCS - f b  f i e l d  
i n t e r a c t i o n  e f f e c t  (see a lso Appendix E). 

The t o t a l  a x i a l  f o rce  i s :  

, 

. - 1  AERO 
The t o t a l  a x i a l  f o r c e  c o e f f i c i e n t  i s  obtained by sumning up the bas ic  
data ( a l l  surfaces zero except speed brake)  w i t h  a u x i l  i a r y  data ( con t ro l  
surface de f l ec t i ons ,  ground e f f e c t ,  f l e x i b i l i t y ) ,  A l l  o f  the t o t a l  daza 
(basic p lus  a u x i l i a r y )  are given a t  spec i f ied condi t ions.  L inear i n t e r -  
po la t i ons  arc to  be used a t  the intermediate pos i t ions.  

f o l l ow ing .  equation: 
"The t o t a l  aerodynamic a x i a l  force c o e f f i c i e n t  i s  obtained by the 

+ AC + AC + ACA + ACA 
m a  

*k.wuimi GROUND S I l T S  
L C F t C T  coo 

At i rx  

whe re, 

C = Basfc, ful l-scaTe, fr+estream, r i g i d  (Figures 4.1.1.2-1 
A I  A S K  body axial .  force . coe f f i c i en t  through -67)  

NOTE: I )  A l l  c o n t r o l  surfaces neu t ra l  
ezcept 6,, - 25'. 

- Change in a x i a l  f o r a  c o e f f i c i a n t  due (Figures 4.1.1.2-65 
A C A e L E v A 7 0 R  t o  elevon (elevator) dcElect ion, 6,. through-97 I 

*Refer to'Appendix D when us ing d i g i t i z e d  data. 

SD'Z?SH-0060-LL-6 4. I .  I .2- I . 
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AC I 

I 

AcA,-. 

I 

Change I n  ut ia l  f o r a  eoeff lc irnt  dm 
to  aileron deflection, 6,. 

Change i n  axial f o r a  coaff iclent due (Figures 4.1.1.2-99 
to body f lap  deflection, 6,. throuqkl26j  

Change in a x i a l  forca coefficient due (Assume zaro) 
to rudder deflection, 6, .  

Changa In a i a i  forca  coefficient due (Figures 4.1.1.2-1 
to  speed b r a h  deflection, ds,. through -53) -- 

cA s, ‘$9 - CAg,o=S 
Chanse i n  axial force u e f f i c i c n t  due 

to ;amelastic defomution. 

AC cos u - bC sin 3 h, L w x  

where, AC - f lcxiSle l i f t  Incre- : (cf. Section 4-1.2.1) 

AC - f laxlble drag inere- (cf. Sactlon 4.1.2.2) rd 
LfLtx mane 

Dcirx mt 

- Change In axial force w e f f i c i e n t  dua (Figure 4.1.1.2-127) 
A C h L M o f ~  CIA# to fully extended landing gear, 

NOTE: 1 .  See SacZion 4.1.2.2 for: land- 
ing gear drag during deploy- 
ment. 

= Change i n  axial forca coefficient due 

NOTE: 1 .  Sea Sectlon 3 .4  for ground 

ACAGaoUHo t f c e o  to proximity o f  ground, f (h/b) 

clearance and scrape o t t i  tude. 

+ beau 
Gc 

= “AGL 
Q,‘W 

= Incrarmmul s d a l  forca 

effect vit5 6,,= -21.7’ 

(Figures b.1.1.2-126) 
%r 66- !lit* coefficient in ground through 4 37 1 

= IncrcPrntal axia l  forca 

effect for various 6,F 

(Figures 4.1.1.2- 138 
4ch G t  8 ,  coefficient i n  ground through -1 44 1 

- -  deflections 
= Change i n  a x i a l  form coafficiant due 

AcASl17S PO 0 to  d d i  t ion o f  5 I LTS pod. 
Il- 

c 

L. I. I .2 -2 



c 

Roc kweil 
*OK. Sys.(.mr Group lntematlonal 

RCS flw f i e l d  fnteract lons have been subdivided into three compon- 
ents : 

1. 

2. RCS J€T PLUME IMPINCEHENT (subscr ipt  I W )  

3. 

RCS JET THRUST (subscrlpt 1T) 

RCS JET PLUME EFFECT ON FLOW FIELD (subscr ipt  J I )  

*The effect  o f  the RCS may be described as a d imnsfonel  ax ia l  force 
(pounds) i n  term o f  the  s ign i f i can t  con t r ibu t ing  elements by: 

where, 

A, I = Axial  force resu l t ing  from number (n) (c f .  Appendix B) 
o f  j e t s  being f i  red (Refarcnct data 
only). 

= [A,,; n] - I b  
OJC 

NOTE: 1 .  OJC - operating j e t  group 

2. Values g t w n  i n  Figure B-1 are 
I for raferencn only. 

ASU,, .I Axial  force r csu l t l ng  from jet impinge-(Figure 4.1.1.2-145 
I Y? ment on Orb i ter  Vehicle surface(s). and 146J . 

AfLEvON = Change i n  ax ia l  force due to  ef fect  o f  (Figure 4.1.1.2-14‘;) 
I Y? impingement on elevon effectiveness. 

Asoor 
F l  A? 

.I Change i n  ax ia l  force due to  e f fec t  o f  (Figure 4.1.1.2- 139 
impingement on body f lap  af fect lvcnms.  

IMP 

.I Change i n  ax ia l  force coef f i c ien t  due (Figures 4.1.1.2-149 
AcAJ, t o  j e t  interact ion.  through -151 J 

*Refer t o  Appendix D when us ing digit . i .ztd data. 

k.1 J.2-3 
SD72SH-0060-LL-6 



= Channg. i n  axial  force coef f ic ient  d w  
to  j e t  interaction r f fec t  on elevon 
eff~ctIveness. 

LLfvQM 
J I  

AcA 

NOTE: 1 .  Down-firing j e t s  

de < O', 6 -30' (Figure 4.1.1.2- Is2 eter 

de O', 6 = +IO' (No effect)  *Wf 

2,  Side-firlng j e t s  

6, < Om, 6 -30' (Fi  gurc 4.1.1 ,Z- 133) 

6* > O', 6 ( F i  gurc 4.1 . I .  2- 153 

ertr 

4 W  
= +lo' 

3. Up-firing j e t s  (NO effect)  

(No af fec t )  w - Chrnga i n  axla1 f o r a  w e f f i c i c n t  due 
to  Jet interaction effect OCI body f lap MOt 

FLAP 

J I  e f f e c t  iwnats.  

01G 

The to ta l  RCS effect,  A ~~~, during thrust  build-up and decay is 
obtained by reducing t h e  fu l l  thrust value by the ratio o f  momentary 
thrust ( r e t  Ref. 4-3 I to full thrust. 

4. I .  1.2-4 
30?2SH-CC6GiL-6 
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4.1.1.3 PITCHING flOMENT COEFFICIENT. The Orbi ter  Vehicle aerodynamic p i t ch ing  
moment coe f f i c i en t  i s  defined in  t h i s  section. The basic aerodynamic 
p i t ch ing  moment coef f i c ien t  data 
are presented i n  three forms: 1) 
as funct ion of speed brake angle, 
angle o f  attack, and Mach number 
from M = 0.25 through H - 20; 
2) as a funct ion o f  angle of 
at tack and the viscous in teract ion parameter (.?;) from 0.005 (equivalent 
to fl = 13.6) through 0.8 (equivalent t o  300,000 feet  o f  a l t i t ude ) ;  and 
3 )  as a function o f  angle o f  at tack and a l t i t u d e  from 300,000 feet  
through 600,000 feet. 
in  Appendix C. RCS jet thrust ,  thrust  impingement, and f low f i e l d  
changes due to j e t  plumes are also included i n  t h i s  section [4 .1 .1 .3 ] .  
Uncertaint ies associated wi th  the p i tch ing  moment character is t ics  
a r e  avai lab le i n  Section 6.0. 

The RCS flaw f i e l d  in te rac t ion  data a re  presented as a contr ibut ion 
to  the t o t a l  p i tch ing  " a n t  (M) rather than the coe f f i c i en t  (C,) 
since the terms due t o  j e t  thrust  and 
dynami c pressure and cannot, therefore, be normal i t e d  I n .  the conven- 
t iona l  mannar. CAUTION should be observed when applying these terms 
i n  the f l i g h t  rag im where RCS i s  wed I n  conjunction w i t h  the aero- 
dynamic p i t ch ing  moment (c f .  Section 3.6); i . e . ,  the.aerodynamic 
p i t ch ing  " e n t  coef f ic ient  must .be convected to  .a .d lmnsional  moment 
before adding the RCS f l a w  f t e l d  +Interact ion e f f e c t .  (see . a h 0  Appendix 

t t L A 1  

Orbi ta l  aerodynamic character is t ics  are included 

impingement are independent o f  

' 

B) 

The t o t a l  p i t ch ing  mmnt i s :  

- -  
nTO'*' = q sc CmT6t,L + 'RCS 

€10 

The t o t a l  p i tch ing  moment coef f i c ien t  i s  obtained by sumning up the 
basic data ( a l l  surfaces a t  zero except speed brake) w i th  aux i l i a ry  
data (from control  surface def lect ions,  ground e f fec t ,  f l e x i b i l i t y ,  etc.) .  
A l l  o f  these to ta l  data (basic plus aux i l i a ry )  a r e  given a t  speci f ied - 

ed a t  the intermediate conditions. Linear in terpolat ion i s  t o  be u 
posi t ions.  

*The t o t a l  aerodynamlc p l tch lng  mwncnt coe f f i c  
the'body length (FS 1076.7, WL 375.0, BL 0.0) 
fo l lowing equation: 

ent  about.65 percent o f  
Is .obtained .by the 

*Refer t o  Appendix D when using digitized data. 

NOTE: The Incrcmcnt presented I n  Appendlx E shoufd be added to  the t o t a l  from 
above ca lcu lat ions to account f o r  OW02 manufacturing misalignment. 

4.1.1.3-1 
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whera, 

C = erric, full-scale, fr8ost~eaa1, t l g i d -  (Flgures 4 .1.1.3-1 
'8ASlC body pitching moment ccmffielenr through -67) 

about 0.6518 

MOTE: 1. A l l  control surfreas neutral 

2. Foi  Ebment Refarenc8 Cantar 
e=qt 4, = 2s'. 

othar than 0,656 

3. m t  transfer o f  (2 )  .applies 
to a l l  fol Iculng .incramants 
and/or slopes axcapt .as noted. 

AC - Change i n  pitching momMt.koafficicnt (Figuras 4.1.1.3-62 
m g L L V * r O l  d w  to elevon (elevator) dotlaction, through -sa) 

be, when inboard and outboard angles -q) 
aro equal. 

NOTE: 1 .  PartIal r p v l  factor, km , t o  ba(Figura 4.1.1.3-99) 
used for elawn-body flap 
interconnect f l  ight  system 

and Inboard and outboard 
angles are not equal. 

I whera be Is limited t o  25. 

AC = Change in pi tching " a n t  . emt f ic ient  (Figures 4.1.1.3-100 
" O Y  due to body flap deflection, bSp through 139 

CIA? 

= Change i n  pitching "snt  .coefficient (Assume zem)  
R" DOL I d m  t o  rudder deflect ion,  6,. 

4.1.1 .I-2 
SD'725E-CC60-lL-6 
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Rockwdl 
International S-0 TranrporWion System 

Devdopmwtt li Roduction Dirtrion 
Spuo Systems Cmup 

= Change I n  p i tch ing  momant coef f i c ien t  (Figures 4.1.1.3-1 
A cm S N  I O  . #I*l(t 

d w  t o  speed brake deflectlon, 4,. 

- Change I n  p i tch ing  moment eoaf f lc iant  

through -55) 

= Cm6,m&i ‘msr =a 
(see NOTE 1, Cm ) 

9 due t o  r ? t e  of change o f  angle o f  
attack, a, (per radian).* 

Change In p i tch ing  moment coef f ic ient  (Figures 4.1 1.3-134 

cm* U 

C = 
m4 due t o  p i t c h  rate, q, (per radian).* through-135) 

NOTE: 1. As presented herein, Cm - L Cm +Cm; 

and should be treated as q Cm . 4 
q 

CAUTION: DO NOT EXTRAPOLATE ROTARY DERIVATIVES. 
If angle o f  attack l i m i t s  a r e  exceeded, 
the Aerodynamics u n i t  m u s t  be consulted. 

= Incremental e f fec t  of speed brakt/body(Figure 4.1.1.3-136) 
“m f lap on p i t ch  damping. 

NOTs: 1. For nor== s-kmhtions, use ISs, = 0.5 

2. For sen+tIvttp studies, assme ha can 
3e e i t h e r  0 or 1, 

&C = Change i n  p l t i h i n g  moment coef f i c ien t  
Y f L t X  due to  acroc last lc  deformation. 

w h t  re 

the flexible (F)  to  r t g i d  (R) ra t ios  are  

rl, - basic  normal force (Figure 4.1.1.3-137) 

0,. = elevon (Figure 4.1.1.3-1 38) 
- 

‘For rotary der iva t ive  transfer equations see NASA SP -3070, “Summary of  .Trans- 
formation Equations and Equations o t  Motion Used I n  Fret F l i g h t  and Wind Tunnel 
Data Reduction and Analysis,” Gainer, T. C., and 5. Hoffman,-Langley Research 
Center, Hampton, V i rg in ia  (1972). 

4.1 . 1 3-3 
SDZ-SH-C060-lL-6 
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i 

- =  body flap (Ftgut8 4.1.1.3439) %, 

nH I. ' -  spemd brake 1.0) 

= p i t c h  rata (Figure 4.1.1.3-1 40 1 qm. 

and, bC', = flexible i n t e m p t  a t  (Figure 4.1.1.3-141) 

(%j.- shift i n  Mmdynrmic (Flgure 4.1.1.3-Ik2) 

o a - 0 .  

center due to rcro- 
e 1 as f i c i  t y  . 

I 

NOTE: t .  k t o ~ l e d . d i r c u s s i &  of aero- 
alosticity may be obtained 
from Appendix A. 

AC - Change i n  p i tching moment .coa€Piclent (Flgure 4.1.1.3-143) 
' mL*HOinG d w  to extension of landing gear. 

GCAa 

AC .I Change i n  p l t c t i n g  moment w f f i c i e n t  
due t o  proximity. of ground, f (h /b ) .  %OUNO 

CPCtCt 

= Incremental pitching 

ground effect d t h  

= Incrmtcntrl p i t d i n g  

(Figures 4 .I .L . 3 i  44 
Ac=,, -,L,. " i s  coefficient ixt through 4 53 1 

f 6; -11.7' 

(Figures 4.1.1.34 54 
= Y C  ;POment coeffichnc i3 through 460 1 

AC 
G I  

ground ef fec t  for various 
6,  deflections 

- Change i n  p i t Q i n g  moment crnfficlent 

- -0.00063Sl52 + 0.0008~1151 n - 0.000l7311g nz . 

ll'rf d w  t o  addition of SLLTS pod. 

for n L 6.0 

-0 

. - zero for n > 6.0 

RCS flm field interactions have been subdivided in to  three cmpon- 
ems : 

1 .  RCS JET THRUST (subscript  JT) 

2. RCS JET PLUME InPlNCEEIENT (subscript 1HP) 

3. RCS JET PLW€ EFFECT ON FLCU FIELD (subscript JI) , 



..L_ I . . 

*The e f fec t  o f  the RCS may b e  described as a dimensional p i t ch ing  
moment (foot-pounds) i n  t e r m  o f  the s ign i f i can t  .cont r ibut ing elements 
by : 

n,, = Pi tch lng " e n t  resulting from number 
(n) o f  j e t s  being f i r ed  (Reference 
data only). (cf. Appendix 8) 

c 
NOTE: 1 .  O J G  * operating j e t  group 

(c f .  F i  gurc B-1) 

MSUW - Pi tch ing " e n t  resul t ing. f rom j e t  im- (Figure 4.1.1.3-161 
and -162) pinganent on Orb; t a r  VehicIe surfaces(s) I M I  

- Change i n  p i tch ing  mment due to  : (F igure  4.1.1.3-163) ME LEVON 
I M? e f f e c t  o f  impingement on elevon 

e f f e c t  i veness . 
OJG [R n 6.3 - f t - l b  

I 

AHBoov = Change i n  p i tch ing  moment due to (Figure 4.1 . I  .3-164) 
F l A ?  e f f e c t  o f  impingment on body f l ap  

ef fect  i v tness .  

[& n 6,,] f t - l b  
0 JG 

AC = Change I n  pi tching- moment .coef f ic ient  ( F i g u r e  4.1.1.3-165 
m J I  due to  j e t  interact ion.  through - 167)  

. = c CAC,,,.J 
OJG 

AC - Change i n  p l tch ing  mmnt coe f f i c i en t  
mCLCV>N due to j e t  i n t e t r c t l o n  e f fec t  on 

e 1 awn e f f e c t  i wtness . . I t  

-- - - -  _ .  
-*Refer t o  Appendix D when using digitized data. 



NOTE: I .  Down-ftrlng Jets 
ae e V, 6 - -30' 

6, > 0.D 6 + loo 

(Figure 4. I .  1.3- 1683 

(Pi  gurr 4.1 . I .  3- 1 69)  

e*tr 

**w 

2. Sid+-f ir ing Jets 
6. O', d - -30' (Figure 4.1.1.3- 1707 

(Fi gure 4.1 .l. 3- 1 7 1 ) 

.RLP 

elLC 
* +loo - 6@ > 0'. 6 

# 
. >  

3. Up-tieing Jets (NO effect)  

A t  - Change i n  pitching " a t  coefficient 
m m o v  due to  j e t  interaction effect on body 

f l ap  effect i wnesr . CLAP 

NOTE: 1 .  h - f t r l n g  j o t s  

' 8 ,  < 'WRL, - -14.25' (Figure 4.1.1.3- 1 72) 

6H > 0' (No effect)  

2. Side-f ir ing j e t s  . -(No .effect)  

. 3. Up-firing jers (NO . e f f e c t )  
I 

4. I .  1.3-6 
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0.0 
5.000 
10.000 
15.000 

&%A (MG1 
20.000 25.000 30.000 35.000 W.000 45.000 50.000 

A e C 0 E F G 

o .oa~90  o .oaoo  o.omo o.0~070 0 . 0 6 m  0.07eo o.os020 
0.01900 o.o.mo o . o m o  o .owao  o.0~~50 o . o ~ , o  o . o m o  

UlMN PlTCHIG MPfNT CCETIC!E 

0.01770 
0.01620 
0.01wo 
0.01230 
O.OOS50 
0.005ao 
0.0 

-0.01 150 
-0.02750 
-0. WS50 

0 * 02540 
0.02270 
0.021 70 
0 .0  1900 
0.01510 
0 .00930 
0.0 
-0.01470 
-0. on00 

0.03510 
0. on00 
0.03@+0 
0. E600 
0.02160 
0.01275 
0.0 

-0.OINS 
-0.04250 

O.Or675 
0 1 o*oo 

0.0385 
0.02700 
0.01560 
0.0 
-0.02150 

a.  ow5o 

-0. ow40 

0.05s50 
0.05570 
0.05040 
0.04t50 
0.03t00 
0.0 1600 
0.0 
-0.02370 
-.3.0"50 

a .  07250 
0.06780 
0 .E130 
0.05200 
0. o m 0  
0.0t210 
0.0 
-0. (K750 
-0.06 100 

0.05340 
0 .  o m 0  
0.06500 
0. os730 
0.04350 
0. OtCIOO 
0.0 

-0.03150 
-0.07000 

4. 7 . 1 .  j - l S l  



VBAR = 0.010 -50 CELE -a CUEGI 0 2s 
I I I I I I I I I I  T I I 

10 15 m 41 3s 40 w 
ALPHA CCEGl 

ww (CEO 
a . J o o (  6.000 1 30.500 1 6.000 

-=.am 
-3u.000 
-a. 000 
-a. 000 
-1s.000 
-10.000 
-5. coo 
0.0 1 I s.000 

a. o isoo 

0.01390 
0.01 160 
0.0o;HJ 
0. oamo 

-0.01 1% 
-0. o m 0  
-0.04810 

a.- 

a. otom 
0.01310 

0 . 0 ~ 0  
0.02rOo 

0.01729 

0.00630 
0.0 

- 0 . O l t t f O  
-a. o m 0  
-a. 06t IO 
4. o m 0  

0.03480 
a.  33x0 

0. oam 
0.31910 
0. 30970 

-0.3 IT0 
-0. J4EO 
-0.57850 
-a. : ~300 

0. P430 
0. %=do 

9 . 0 - m  
o. o w o  

0. 03300 
a.  a a o o  

a.o 
0.0146a 

-0. Cz!30 
-0. nma 
-3.os5ao 
-0. :E% 

o . 
0. C6350 
0. E i 7 O  
3.055m 
0. csmo 

0. O P O O  
0.01800 
0.0 

- O . m  
4. JS5m 
-a. 0990 

o.mao 

-g . !4000 



.- 

IO 15 30 35 40 45 

ALPHA CDEGI 
C O N  i GURsT ION 

C'WffFf CF G R A V I h  XO * FS 1076.7 IN. W l N j  PREA SW = 2590.00 SO.FT. 
OR YO = a 0.0 IN. WIN3 SPlN %U = 78.056 FT. 

M X N T  REF- 20 - K 33.0 IN. f l .A.C. Cu = 33.560 F f .  
K D Y  LENCTH L.9 = 1290.,3 IN. 

BASELIN CRBITER KwfCLE RFE;KME D I M N S I O N S  

so 5s 

tLF% (CEG) 
20.000 25.000 30.000 35.000 90.000 95.000 50.000 

A B C 0 E F G 
XLE ( E G I  U c v M l  PITCHINj MmCvT CCECFiCtE 

40.000 0.02120 0.03770 0.04990 0.06r70 0.07790 
-35.000 0.026301 0.035901 0.04930 0.0630 0.077IO 
-30.000 

-~O.OOO - 15.000 - IO .ooo 
-5.000 
0.0 
5.000 
10.000 
15.000 

-a. ooa 
0. o moo 
0.01560 
0.01396 
0.01 160 
0.00790 
0.00600 
0.0 

-0.01150 
-0. o m 0  
-0.09810 

0.02560 
0.02360 
0.02070 
0.01720 
0.01310 
0.00630 
0.0 

-0.01s70 
-0 - Ol3?+0 
-0.06210 

0.03480 
0.03300 
0.02950 
0.02570 
0.01910 
0.00970 
0.0 
-0.01m 
-0.04350 
-0.07650 

0 . m o  
0. Orroo 
O.OZ870 
0.03300 
o.oao0 
0.01460 
0.0 
-0. OZ'tOO 
- O . O ' , J ~ O  
-0.08180 

0.05970 
0.05570 
0. (39040 
O.OSz50 
0.OKOO 
0.0 1800 
0.0 
-0.02370 
-0.05550 
-0.08700 

0.07370 
0.0690 
0.C6100 
0.051sO 
0.03820 
0.02170 
0.0 
-0.02720 
-0.06000 
-0. 09020 

0.08980 
0.08720 

0.07600 
0. C6850 
0.0570 
0.04330 
0.02400 

-0.OZ550 
-0.06ZOO 
-0. (39840 
-0.13500 

1 o.oaiso 



i 

. 

DELE CoEp ~ ALTITUUE CFT.] = 3oauoo.o to 6c0,m.o -a 

=u,; , 

I t 20.0 I u . 0  I 30.0 

-ro.OOO 
-35.000 
-30.000 
-n.OOO 
-20.600 - 15.000 
-10.000 

-s.ooo 
0.0 
5.000 

10.000 
15.000 

*I 

0.019tO 
0.0 1800 

0.01 160 
0. 00790 
0.00600 

-0.01 I50 
-0. "0 

O.oK30 
0. 02- 
0.0230 

0.01ZO 
0.01310 
G .Offi30 
0.0 

-0.0147U 
-0. o m 0  
4.oSz10 

0. =om 

0.0363(3 
0. 0380 
0. on00  
o.aa50 
0.02570 
0.01910 
0.00970 
0.0 
-0.01?50 
-O.O+x50 
-0.07-0 

I a .co0  I -o.mi?aol -0.09900 1 -0.11300 



. .  

0.900 
0.600 
0.800 
0 . m l  
0.950 
0 . w  
1.m 
1.100 

I I C a E  [E 
3.0001 0.0 

0.60000 
0.60000 
0.68000 
0.80000 
0.030DO 
0.84000 
0.84000 
0.83000 

1.m 
1.300 
1.500 
t.000 
3.000 

0.80000 
0.57000 
0.7to00 
o.mo0 
0.61000 

0.60000 
a. 60000 
0 . m o o  
0 * 73000 
0. m o o  
0. m o o  
0.77000 
0. m o o  
0. moo 
0.73000 
0.E9000 
0.67000 
0.67000 
0.3000 0.mooo 
0.0100 
0.67000 
0.67000 
o.070nn 

(5.060 

0.~000 
0. so00 
0. so000 
a. =%la0 
0. m o o  
0.5aYao 
0 .3000  
0.63000 
0.65000 
0.07000 
O.sf040 
0." 
0.6;000 
0.0100 
o . m o 0  
0 .01000 
o . m o 0  
U . 0 ~ 0 0  
0.67600 
0. moo 

& 

-. - -. . ."  
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. . . .  

DELBF CCECI 

ALPHA CGEGI 

REFWE.= 3 1 ~ m s r c ~ s  
# GRAVITY w3 - F5 1075.7 IN. WINj *REA SG - m . 3 0  S . 3 .  

YO = R 0.0 IN. UIM 9H M * 78.355 FT.  
nofM RFL- 20 K m.3 IN. M.A.C. CA - 39.560 r’T. 

&%A ( E G I  
0.0 } 5.000 1 10.000 I 15.000 I PO.UO0 I t5.000 

-5.000 
0.0 
5.000 
10.000 
16.300 
E .  500 

0.00670 

- 0 . O O S 9  
-0. &!ooo 
-0.03110 __I -o.oz8?io 

a. ooaao 

-a. 3 iaao 

0.0 
-0.3ceso 

-a. 03070 
-0.04530 

o .o ia13  o.oi9oo 
0.30820 0.00850 

-0.oas70 -0.009oo 
-0.01900 -0.01820 
4.03usa -0.030s0 I -0. P 5 0 0  -0 .  b(r200 

a. 01900 

-0 .  oosoo 
-0.01820 
-0. 030QO 7 -0.C’iZSO 

a .  o o a ~ o  



Rockwell lntemational 
ScuxaDiUbicr, 

a!!! 
E5 

OELBF CDEGI -n 0 MACH NUMBER = 0.400 , 

.Ik 

.e 

.o 

-.E 

!k 
8 -.m 

-.06 

-.a 

-. 10 
-10 4 0 5 IO 15 

ALPHA CDEGI 
-15 

8EaINI CRBITER WICLE REFEEEKE OIMNSIONS 
CENTER OF GRAVITY XO = FS 1076.7 IN. UING &?EA SU = 2690.00 W.FT. 

YO = EL 0.0 IN. UINj SPAN aW - 78.056 FT. 

PO"l 20 = K 375.0 IN. M.A.C. cw = 39.560 FT. 

bLPl-lA (DEG) 
-10.000 5 . 0 0 0  0.0 5.000 10.000 15.000 20.000 3.000 

A B C 0 E F ci H 
DELSF (OEG) K n Y  F u P P I l c H I f f i  "l COEFFI 

- 1 1  .mO 0.01WO 0.01550 0.01600 0.01720 0.01900 0.01900 0.02000 0.02900 
-cj.ooo 0.00710 o.oozo 0.00~0 o.o07e,o 0.~0867 o . a o s o  o.ooa9o o.oowo 

10.000 -0.01~0 -o.oieso -O.OIEIO -o.oieao -0.01890 -0.01910 -0.oia70 -0.01a7o 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
5.000 -0.00970 -0.00930 -0.00890 -0.0092Ct -0.009Z5 - 5 . O W 7  -0.00910 -0.00910 

16.300 -0.03100 -0.03110 -0.03110 -0.03130 -0.03170 -0.03190 -0.03100 -0.03100 
22 .90  -0.04010 -0.04230 -0.OWZ"o -0.W660 -0.W600 -0.OW610 -0.W310 -J.O't310 

4.1.1.3-137 
c . 1 ;  - L  , . - .  1 - - .  . - .  ,:!-!: 



' I  

i 

a DELBF CCEGI 
-25 0 flACH NUMBER = 0.600 

.& 

.o 

-.e 

-.m 

-.06 

-.aa 

-. 10 
-IS -10 -5 0 S IO IS a M 

ALPHA CCEGI 

BnqlIN UaIm MtrICE REFt,?ENcE DIMEiC*6  
Q" CF GLwlTI hl = r7 1076.7 IN. U I f f i  S E A  Si4 = t S 3 0 . X l  SO.7. 

YO - EL 0.0 IN. UIM S?nN EU = 7S.CS FT.  
RE- LT) - 'A m.0 IN. 8 .A.C.  CSr * W.%O FT. 

-v- 



. . .  _. ~ .......... . _  

. . .  . ..... . .- .... I___. . . - ___. . 

0.02040 0;02163 0.02182 0.02303 0.02400 

0.0 0.0 0.0 0.0 0.0 
0.00- 0.01oo4 0.01017 o.otom 0.01 I ia 

-0.012t6 -0.01 14s -0.01 183 -o.aizsr -0.01277 
-0.02523 -0.02LI12 -0.0+83 -0.02555 -0.0259 1 
-0.04092 -0.04092 -0.09 LS6 -0.04482 -0.0+600 
-0.05552 -0. O C 5  -0.05951 -0.06350 . -0.OeO0 

- 13 -10 -5 0 5 10 15 

ALPHA COEGI 

0.02500 

0.0 
0.01 I =  

-0.01313 
-0.02TII 
-0.09800 
-0.07000 

E L F  (DEG) 
- I  I .mo 
-5.000 

5.000 
10.000 
16.300 
22.500 

C O N  IGCRAT I ON 
BPSELIEE taelTER MHfClE WFERtvCE OlPE%IoNs  

CENTER w GRAVITY', xo = FS 1076.7 IN. WING MEA m = 2590.0a SQ.FT. 
YO = R 0.0 IN. U I f f i  9N-4 Bw = 78.056 FT. 

K K N T  REFffivCE 20 = W 375.0 IN. f l .A .C.  aJ = 39.560 FT. 



n 
CELBF COEGI 

MACH WV8ER = 0.900 -a 0 

.oI 

.o 

-.a? 

-.m 

-.e 

-.m 

-. 10 
-15 -10 0 S 10 15 

CELS f E G l  
-1  I .mo 

5.000 

16.300 
zz. 500 

l o m a  

4.01003 0.01005 0.0093 O.OC910 0.01003 0.01CG O.OIC75 O.Ollt7 

-O.OlbZS -0.0131t -0.01 I77 -a.O13l I - 0 . O t E S  -5.01467 -0.0176 -J.C1929 
0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

- 0 . ~ 6 5  -o.mt'i - a . o a ~ t  -o.oK;;? -0.ozs3 -0.03107 - a . m s  - a . o ( t a ~ ~ ~  
-a. mgoa -0. owas -of m0.n -0. or:- -0.045n -a. ozzs -3. o s m  -a. ~ 6 5 ~ 3  
-0.06500 -0. c6Ks -0 .  E 6 1  9 -0. CEJ98 -0.06-55 - 0 . 0 7 3 2  , -0. 63C00 -a .  68500 

4 



#Ab- R o c M f - l ~ d  

a OELBF CDEGI 
-25 0 MACH NUMBER = 0.950 

.04 

.a? 

.o 

-.E 

!I! 
8 -.m 

-.a 

-.W 

-. 10 
-IS -10 -5 0 S 10 15 w 

#LBF ( E G )  
- 1 1 . ~ 0  
-5.000 
0.0 
5.000 
IO.OOO 

22.500 
16.300 

bLF+!A (DEG) 
-10.000 3.000 0.0 5.000 10.000 15.000 20.000 25.000 

A e C 0 E F G H 

0.030oo 0.02617 0 . ~ 1 ~  0.01~01 0.017~~ O . O ~ I I O  O.OKOO o.otaoo 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
-0.01262 -0.01m -a.aizso -o.oiom -O.OIIX -0.01091 - O . O I I Z  -0.01255 
-0.oa12 -0.02577 -o.0=02 - 0 . ~ 9  -0 .02m -0.02zs -0.02~7 -0.02549 

-0.05700 -0.05~13 -0.05~2 -0.0~319 -0.0515~ -o.~Ks( -0.06~00 -O.OFOO 

BCDV FLAP PIltHINj KP€NT I N R .  

0.01276 0.01159 0.01012 0.00863 0.00853 0 . 0 0 s  0.01121 0.01233 

-0.04100 -0.04196 -0.04271 -0.03703 -0.OW2 -0.04065 -O.P+200 -0.04400 

4.1 .1 .3 -1  1 1  



a OELBF CDEGI -a 0 
H A M  M E R  = 0.580 [ l l l l (  1 I I I ?  

.o( 

.o 

-.e 

!! -.or 

-.08 

- .W 

-.IO -.. 

30 ;d; -IS -10 3 0 5 10 

ALPHA 'CUEGI 

a . a i  193 

-0.04130 
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1 

1 
1 

. ... 

I ALPHA CDEGI 

CCN I W T  ION 

C W E Q  OF GRAVITY XD = F5 1076.7 IN. U I M  aREA SGI = 2690.00 SQ.FT. 
WSELtM ORBITER KHICLE REFEREKE OIMNSICNS 

OR ’ YO = BL 0.0 IN. UINC, 9 I P N  BW - 78.056 IT. 
20 K 375.0 IN. M.A.C.  W - 39.560 FT. 

Bcov L W T H  LB = 1290.3 IN. 

. .  
. .  
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'I  -+ 

. I  

25 
OELEF CCEGI -a 0 

I .  100 ~ l l l l ~ ~ l l l  MACH NUMBER = 
.ah 

.o 

-.02 

-.m 

-.E 

-.OB 

E G  1 

io.ooo I is.ooo I ZO.OOO I a a o o  
E l  F /  0 I n 1 



z5 
DELBF CDEGI 

-25 0 
1.200. I I I I I I  1 1 1 i f  MACH NUMBER = 

.04 

.o 

-.e 

-.& 

-.E 

-.m 

-. 10 

ELF (#GI 
- I  I .mo 

-15 -10 3 0 5 10 IS 20 
I 

ALPHA CDEGI 

B A s a l F E  CRB!T€R \/EHICLE R E F W  D I I K S I C N S  
CENfER Cf GRAVITY, XQ - fs 1076.7 IN. 

M - EL 0.0 IN. UING SPAN 8w = 7 8 . 0 5  FT. 
P O E N T  w m  to = K 375.0 IN. M.A.C. (34 = 39.560 FT. 

UINj =A SU - Z690.00 SQ.FT. 

pLPH4 (OEG) 
-10.000 -5.000 0.0 5.000 10.000 15.000 20.000 25.000 . 

A B .c 0 E F G H 

0.01000 

25 30 

3.000 

s . 000 
10.000 
16.300 L 22.500 

0. O O y a  
0.0 

-0.00803 
-0.01716 
-0. ot900 
-0.04 I00 

0.01229 
0.00618 
0.0 
-0.00835 
-0.01766 
-0.Ot971 
-0.04 I69 

F I GURE 

BOOY 
0.0 1480 
0.00705 
0.0 

-0.00927 
-0.0 l87e 
-0.03055 
-0.Oct195 

LAP PITCH 
0.017t't 
0.0081 3 
0 .0  

-0.OIOt9 
-0.02110 
-0.03481 
-0. "2 

4.1 .1 .  ? - lo$  

G n O K M I  
0.01753 
0.00834 
0.0 
-0.0 1027 
-0.02 148 
-0.0359k 
-0.0505 1 

0.01745 0.01800 
0.00823 0.00841 

-0.01031 -0.01028 
-0.02160 -0.02164 
-0,03407 -0.03487 I -0.04653 -0.04600 

0.00841 

-0.0 I 0 18 
-0.021 76 
-0.03467 

1 
. -. . . . . .. 
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25 
-E5 OELBF 0 CDEGI 

MACH"? = I. 300 
.o, 

.o 

-.a 

-.or 

-.a6 

-.m 

-. 10 
-IS -10 0 5 10 

ALPHA COEGI 



.. . 

MACH NUMBER = 1 S O 0  25 
DELBF CDEGI 

-2s 0 

.02 

.o 

-.E 

-.m 

-.a6 

-.08 

0 5 10 15 20 -1s -10 9 
ALPHA CDEGI 

CONICLRaTIffl 

CENTER OF CRAVIl? XO - F’i 1076.7 IN. W I N G  W ai = 2690.00 SQ.FT. 
YO - E L  0.0 IN. WINGSPAN 8L1 = 78.056 n. 

M3KNT REFEWNCE ZO - K 375.0 IN. M.A.C. CU - 3.560 FT. 
BOOY LoUtTH LS = 1290.3 IN. 

BPKLIN ORBIKQ MHICLE 

PlPHA ( E G )  
-10.000 -5.000 0.0 s.000 10.000 15.000 20.000 25.000 . 

A 8 C 0 E F C H 

CELF (#GI 
- 1  1.700 0.00858 0.009t4 

5 . 0 0 0  0 . 0 0 4 3  0.00451 
0.0 0.0 0 .0  
5.000 -0.00598 -0.00620 

10.000 -0.01202 -0.01292 
16.300 -0.01963 -0.02091 
t2.500 -0.02713 -0.Ot821 

; m T  I 
0.01212 
0.00617 
0.0 
-0. o o m  
-0.01895 
-0.03037 
-0.03929 

ICR. 
0.01627 
0.00767 
0.0 

-0.00951 
-0.020 I7 
-0.03&4 
-0. or229 

0.01-9 
O.OOW6 
0.0 
-0.00998 
-0.02060 
-0.03337 
-0 .OW9 

-0.01C60 
-0.021% 
-0.03549 

4.1 .  7 .  : - I  1 1  

4 .1 .1 .3 -1  17 



coNIGuJ .ATI6r  

E" CF GRAVITY #) = FS 1076.7 IN. UlNt pRc\ 4.r = 2530.00 a.m. 
-1s cse!;.;R VOlItlE 

Yo * R. 0.0 fN. UIffi  SPM &I - 78.056 FT.  
ZO = K 33.0 IN. f l .A.C. cu 39.560 T i .  



... .- ._ . . . . .  

LXLEF ( E G )  
-11.700 
-5.000 
0.0 
5.000 
IO.OOO 
16.300 
22.500 

25 
DELBF CDEGI 

MACH NUMBER = 3.000 -25 0 

-1s -10 0 5 IO 15 30 

plpcu (DEG) 
-10.000 -5.000 0 .o 5.000 10.000 15.000 20.000 W.000 . 

A B C 0 E F G H 

0.00006 0.00180 0.00265 0.0OsK 0.00490 0.00- O.OOS50 0.01137 
0.00041 0.001 10 0.00148 0.00198 0 . 0 0 K 3  0.00353 0.00447 0.00575 

K O Y  FLP- PITG-tINj Wt-€Nf IKR. 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
-0.00143 -0.001as - 0 . o o a  - 0 . 0 0 ~  -0.00416 -0.00s~ -0.o0671 -0.oo~k9 
-0.00313 -0.o0408 -0.00499 -0.006ia -0.00~~7 -O.OI~IB - o . o m a  -0.01710 
- o . o o ~ o  - o . o o m  -o .oase  -0.oi031 -0.01416 -o.oiew -a.ozYr -0.0- 
,-0.00750 -0.01000 -0.OlleS -0.01459 -0.01971 -0.Ot5X -0.0- -0.03865 



. . , .  .. .__ .. . . . .  

a OELSF CDEGI 
MAW NUMBER = 3.000 -25 0 

.o, 

*e 

.O 

-.e 

-.or 

-.06 

-.a 

-.IO 
10 1s 25 30 s w w 

ALPHA CDEGI 

cRB1l.s  MHIaL 
CENT0 CF G U V I T Y  XO FS 1076.7 IN. WINj aREc\ SU - K90.00 SO.FT. 

YO a 0.0 IN. WIW SPAN BU - = . a s  FT. 
KMM ZO = K TS.0  IN. M.A.C. M - 39.55.j FT. 

ORs (=GI 
-1 I .mo 

5.000 
10.000 
16.300 
2 2 . 9 0  

a. oao 
H 

#IvFupl 
0.01 In 

0.0 
a . a m  

4. O O W  
-0 .O 171 0 
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BAS€LIN &ITER KHICtE EFEiiEKE OlKNSIONS 

CENTER OC GRAVITY XO = FS 1076.7 IN. UING aREA SW - 2690.00 SQ.FT. 
OR YO = EL 0.0 IN. W I N G  SPAN 6U = 78.056 FT. 
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BaSUIN &ITER VEHICLE REFERUJCE OlKNsIONs 
ENTER W GRAVITY XO = FS 1076.7 IN. UING MEA SW = 2690.00 SO.FT. 

M K 0.0 IN. U l f f i  SPPN 8w = 78.056 FT. 
K m.0 IN. M.A.C. C U =  39.560 FT. 
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CONIGCRATION 
BPSELIN C#ITER KHfCLE R€fERRJcE DlMNsloNs 
# W W T Y  XO - FS 1076.7 IN. UINO &?EA SU = 2690.00 SQ.FT. 
OR YO EL 0.0 IN. WINO SPW 6U = 78.056 Ft. 

KP€NT 20 - Y 375.0 IN. H.A.C. Q.1=39.560 FT. 
BCOY L ~ T H  LB - IZ90.3 IN. 
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DATA VALID FOR RANGE PRESENTED ONLY. 
Angle of attack limits should not be exceeded without 
consulting the Aerodynamics group. 
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-_ DATA VALID FOR RANGE PRESENTED ONLY 
Angle of attack llmits should not be exceeded without consulting the Aerodynamics Group 

i 

. I  

! 

i 
. t  

. .  
. .  

e‘ 0 t 4 8 8 10 ti( 14 I8 18 a 

HOTS? I. Fqr n o d  i imrrh t ions ,  use K,, = 0.5 
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FIGURE 4.1.1.3-1 36 
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i 4.1.1.4 TRIM AND STABILITI. This saction presents t h e  t r i m  and stability 

chrractarIrtiu of t h e  Orbiter Vehicle (OV102) in  a manner considered 
_. - ___.. _ .  useful for determining the longitudinal t r i m  and stability l im i ts .  

T r i m  and stabiltty l i m i t s  are prasutted fo r  the speed brake and body 
f l a p  control schedules given QII flgurr 4.1.1.4-1 (b 6 c) for  both' __ - - - -.--.-. --- forward (0.65 L,) and aft (0.675 I,.,) design m t e n - o f - g r a v i t y .  The 
control sc!eduler presented on t h i s  ffgure are for  datemin ing ~ X I -  
mum obtainable t t f m  l i m i t s  and do not reflect acfual f l i g h t  m t m l  
system sdtedules.  A reserva for mmewering, trfmning spanwise canter - 
o f  gravity offset (AYCG), manufacturing mlsal i g n m t s ,  and aerodynamic 
unurtafntfos has been applied to the l i m i t s  o f  the elawn ef fect ive-  
ness data t o  es tab l i sh  the l i m i t s  shown on Flgures 4.1.1.bZ through 
4.1 , 1 .4-11. 

- 
- -  

- -  

J 

- 'i 

! 

. .  
i ~ 

For a positlvm alewn dr f lec t lon ,  t h e  rforuncntioned reserve i s  equiva- 
lent t o  fiw-degrees of atovun. Thorefore, a f t  center o f  g rav i ty  t r i m  
l i m i t s  are basod on a posiclva elawn deflscrion o f  15-degrees for 
Ha& nrrarbers Iws than or equal to  10. A positlvr eleven def l ec t ion  
o f  IO-degrars was usad f o r  Hac! nwnbarr greater than 10 d u e  to them1 
p m t u t i o n  system design 1 i m i  tt during mucimw, heating conditions. 
Forward cantocof-gravity t r i m  l i m i t s  ore b u e d  on an incremental 
pitching "ent a a f f l c l e n t  reserve of 0.015 fo r  Ma& numbers less 
thm o r  equal to IO and 0.020 f o r  H A  numbers grratat than IO, The, 
longltudlnal trim l i m i t s  ara presented as functions o f  angla o f  attack, 
For a sumnrry o f  T h i s  s w n u r y  has 
baan presented for the i p s  d u l g n  trajectory (14414.1) angle o f  attack 
schedule s h a m  on Figure 4.1. I .4-1 (a) .  

trim l i m i t s  see Section 2.2. 

lb 1.1 .h-1 
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